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Memerrs of the Institute continue 
to express themselves upon various sub- 
jects through the medium of letters to the 
Editor. A selection from those received 
recently may be found in thisissue. p.667— 
670 
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Orricers AND COMMITTEES 
chosen to serve the Institute for the year 
1932-33 were announced recently. . 678- 
681 


Dustcnep to provide primarily for 
the comfort and convenience of its occu- 
pants, the 33-story office building of the 
Philadelphia (Pa.) Saving Fund Society is 
said to contain the most modern electrical 
and mechanical equipment. The total 
connected electric light and power load is 
nearly 5,000 kw. p. 621-624 


Presipent HOOVER recently 
appointed 6 prominent engineers to 
serve as the engineering advisory board 
to the Reconstruction Finance Cor- 
poration. p. 665-666 


ExprerIMENnts on the electric 
are using pure iron electrodes in an inert 
atmosphere reveal information that 
may require a modification in the 
basic conception of the electric are 
discharge. p. 624-627 


A REPORT on proposed American 
standard electrical definitions is now 
available in pamphlet form. The re- 
port represents 3 years of effort on the 
part of a sectional committee of the 
A.I.E.E. standards committee, and 
contains 208 pages. p. 670 


I: EXPERIMENTS on a 1,000-hp. 
locomotive with commutatorless 
motors confirm the results of laboratory 
tests, electric railway practise may be 
revolutionized. Mercury arc rectifiers 
replace not only the motor com- 
mutators but much expensive control 
apparatus as well. p. 650-654 


Bur few operating difficulties have 
been experienced in 3 years of opera- 
tion on the electrified portion of the | 
Cascade division of the Great Northern | 
Railway, which includes the famous | 
7.79-mile Cascade tunnel. Operating | 
statistics show great savings in both 
time and expense in favor of electrical 
operation versus steam. p. 627-633 


Committees are hard at work to 
assure those who will attend the 
Baltimore meeting, October 10-13, 
1932, a profitable and enjoyable visit. 
Inspection trips have been arranged 
to some of the city’s many attractions 
and to nearby points. The program 
includes also several sports events and } 
special features for the ladies. . 
663-665, Technical papers to be pre- 
sented deal chiefly with communication 
and power cables, and a major hydro- 
electric development. p. 659-662 


A GREAT DEAL of engineering 
time and effort is being devoted to 
reducing lightning disturbances on 
electric power systems. Results of 
some recent studies on the protection 
of distribution systems are covered ina 
group of 3 articles in this issue. Test: 
show that interconnecting the pri 
mary lightning arrester ground with thi 
grounded secondary neutral provide 
greater protection than is obtaine 
with present conventional arreste 
connections. p. 633-647 
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A Report on 


Telemetering, Supervisory Control, 


nd Associated Communication Circuits 


Prepared by a joint subcommittee of the A.I.E.E.* 


| Hae REPORT summarizes information as to 
telemetering and supervisory control systems in use today or 
commercially available in the United States, and includes a 
detailed discussion of the communication circuits suitable for 
such purposes. The form of the report is designed to make it 
convenient for a prospective or existing user of telemetering or 
supervisory control equipment to obtain information concern- 
ng the specific equipment in which he may be interested. 

The tabulations in the telemetering and supervisory control 
sections enable the prospective user having in mind a certain 
‘equirement, for example the telemetering of a-c watts, to 
letermine immediately the systems available for the purpose. 
The characteristics of each of the systems suitable for the tele- 
metering of a-c watts may then be examined in detail with the 
uid of the table and consideration narrowed to a few systems 
soncerning which additional information may be desired from 
-he manufacturer in order to determine upon the one best suited 
(0 the conditions involved. The types of communication 
‘ircuits suitable for operation with each telemetering or 
supervisory control system are indicated in the tables. 

The information in the report has been arranged in 3 main 
sections: 


Telemetering—including a tabulation of the characteristics of each system. 
I. Supervisory Control—including a tabulation similar to that for telemetering. 


II. Communication circuits—information concerning their use for Telemetering 
ind Supervisory Control Systems. 


Much of the information in this report has been contributed 
yy the manufacturers. Information as to communication 
ircuits has been obtained from the communication companies 
ind other available sources. 

No attempt has been made to include data covering the field 
yperation and maintenance of the various telemetering and 
supervisory control systems. 


ssentially full text (excepting extensive tabulations) of a report jointly prepared by the com- 
littees listed below and presented at the A.I.E.E. annual summer convention at Cleveland, 
Yhio, June 20-24, 1932. A few lithographed copies of the full report are available at Institute 
eadquarters for distribution to members vitally interested. 

Joint subcommittee—C. F. Craig, chairman; A. E. Anderson, P. A. Borden, E. D. Doyle, 
}. 1. Green, R. J. Wensley, F. Zogbaum. 

‘ommittee on automatic stations—D. W. Taylor, chairman; F. F. Ambuhl, A. E. Anderson, 
,. D. Bale, C. F. Craig, John Fies, A. M. Garrett, Joseph Hellenthal, C. A. Mayo, I. E. Moul- 
rop, M. E. Reagan, O. J. Rotty, Garland Stamper, L. J. Turley, F. Zogbaum. 

Ommittee on instruments and measurements—FE. J. Rutan, chairman; H.S. Baker, R. D. 
ean, O. J. Bliss, P. A. Borden, H B. Brooks, A. L. Cook, E. D. Doyle, W. W. Eberhardt, 
Marion Eppley, W. N. Goodwin, Jr., I. F. Kinnard, O. A. Knopp, A. E. Knowlton, H. C. 
-oenig, W. B. Kouwenhoven, F. A. Laws, E. S. Lee, J. B. Lunsford, Paul MacGahan, R. T. 
jerce, W. J. Shackelton, H. L. Thomson, H. M. Turner. 
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On this and the following 7 pages is 
given essentially the full text of an 
hitherto unpublished report concern- 
ing the present status of development 
of proven devices as used in tele- 
metering and supervisory control ser- 
vices. The text of the report as pub- 
lished herewith was prepared by D. W. 
Taylor, chairman of the A.I.E.E. auto- 
matic stations committee, and E. I. 
Green, member of the joint subcom- 
mittee, to cover the subjects embraced 
by the original report, but of necessity 
eliminating the extensive and detailed 
tabulations of that report. However, 
in parts | and Il of the accompanying 
article is given a comprehensive digest 
of the corresponding parts of the 
original report including an_ insight 
into the content and construction of 
the tabulations which form the major 
portion of those parts of the original 
report. Part Ill of the original report, 
presenting for the first time in pub- 
lished form a comprehensive discus- 
sion of the communication circuits and 
facilities involved in telemetering and 
supervisory control, is given here in 
its entirety. That the report in ques- 
tion may be kept up to date and 
improved in value, the committees 
involved earnestly solicit an inter- 
change of information with all parties 
operating telemetering and supervisory 
control equipment. —Editors. 
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I—Telemetering 


Herem telemetering is considered 
to be the indicating, recording, or integrating of a 
quantity at a remote point by electrical translating 
means. Electrical or mechanical quantities normally 
are involved, although there are other miscellaneous 
applications for telemetering. 


TYPES AND CHARACTERISTICS OF SYSTEMS 


The numerous systems and combinations of equip- 
ment used for telemetering may be classified broadly 
on the basis of the translating means employed. 
Such classification has been recommended to the 
Institute for adoption, and includes: (1) Current, 
(2) Frequency, (3) Impulse, (4) Position, and (5) 
Voltage. 

This report endeavors to present a uniform analy- 
sis of existing systems. The characteristics have 
been detailed under items which past engineering 
experience indicates to be essential to bring out the 
design, installation, and performance features. In 
order to cover the entire field, it has seemed de- 
sirable to present the information in tabular form. 
The user ordinarily will be concerned only with a 
limited number of systems, and the arrangement of 
the information is such that he easily can fix upon 
‘the system or systems which appear best to meet his 
requirements. 

The different telemetering systems which have 
been included in the table are as follows: 


Name of System Manufacturer 


1. Midworth distant repeater J. G. Biddle Co. 
2. Long distance transmitting and re- The Bristol Co. 
cording system 
3. Remote type transmitting and re- Brown Instrument Co. 
cording system 
4. TM flow meter Builders Iron Foundry 
5. MacCreedy fluid level indicator J. H. Bunnell & Co. 
6. Long distance recorder Esterline-Angus Co. 
7. “‘Elinco’”’ remote indicating system Electric Indicator 
Corp) 
8. Magnetic impulse telemeter General Electric Co. 
9. Rectified current telemeter General Electric Co. 
10. Torque balance telemeter General Electrie Co. 
11. Selsyn equipment General Electric Co. 
12. Demand metering system General Electric Co. 
13. Distant dial system General Electric Co. 
14. Long distance outfit W.&L. E. Gurley 
15. Telemetric gage James S. Kennedy 
16. Micromax thermal converter tele- Leeds & Northrup Co. 
meter 
17. Micromax potentiometer transmitter Leeds & Northrup Co. 
telemeter 
18. Micromax voltage multiplier tele- Leeds & Northrup Co. 
meter 
19. Micromax current balance telemeter Leeds & Northrup Co. 
20. Micromax wheatstone bridge tele- Leeds & Northrup Co. 
meter 
21. Stevens Type P recorders. and indi- Leupold, Volpel & Co. 
cators 
22. Stevens Type G recorders and indi- Leupold, Volpel & Co. 
cators 
23. Telemco gage Pittsburgh Equitable 
Meter Co. 
24. Conductance meter Republic Flow Meters 
Co. 
25. Fluid meter register Simplex Valve & Meter 
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Co. 
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26. Tanner type telemeter Wallace & Tiernan 
Products Co. 
27. Wallace type telemeter Wallace & Tiernan 
Products Co. 
28. Electronic current balance system Westinghouse Elec. & 
Mfg. Co. 
29. Current balance system Westinghouse Elec. & 
Mfg. Co. 
30. Low rate impulse system’ Westinghouse Elec. & 
Mfg. Co. 
31. High rate impulse system Westinghouse Elec. & 
Mfg. Co. 
32. Rectox system Westinghouse Elec. & 
Mfg. Co. 
33. Position indicator Westinghouse Elec. & 
Mfg. Co. 


The characteristics of the above systems are 
listed in the tables under the following classification. 


General 
1. Manufacturer 
2. Trade name 
3. Method of operation (translating means) 
Character of Indications Provided 
4. Quantities measured 
Electrical Quantities 
a. Amperes, a-c 
b. Amperes, d-c 
c. Ampere-hours, d-c 
d. Frequency 
e. Integrated demand 
f. Power factor 
g. Reactive voltamperes 
h. Reactive voltampere hours 
i. Totalized watts, a-c 
j. Totalized watthours, a-c 
k. Volts, a-c 
1. Volts, d-c 
m. Voltampere hours 
n. Voltage phase angle difference 
o. Watts, a-c 
p. Watthours, a-c 
Other Quantities 
a. Levels | 
b. Positions 
c. Pressures : 
d. Quantities of flow 
e. Rates of flow 
f. Temperatures 
5. Continuous or step-by-step indication 


Performance 
6. Speed of response—seconds 
a. Transmitter—zero to full scale reading 
b. Lag from transmitter to receiver 
ec. Total 
7. Estimate of maximum probable error under normal operatin 
conditions (per cent of full scale) | 
8. Power requirements 
a. Transmitter 
b. Receiver 
9. Will correct indication be given after: 
a. Interruption in power supply 
b. Temporary disconnection of line circuit 
Characteristics Affecting Line Transmission 
10. Frequency—cycles per second 
11. Maximum number of impulses per minute 
12. Is neutral or polar relay employed 
13. Maximum allowable loop resistance—ohms 
14. Minimum allowable insulation resistance—megohms 
15. Number of conductors 
16. Possibility of using ground as conductor 
17. Possibility of using conductors exposed to high potentials 
18. Possibility of using superposed circuits as conductors: 
a. Simplexed 
b. Composited 
ce. Carrier 


Interference and Protection Features 
19. Normal line current 
20. Maximum line current on short circuit 
21. Maximum open circuit voltage 
a. Between wires 
b. To ground 
22. Is additional equipment required to limit noise on adjace 
telephone circuits 
23. Description of system 
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POWER. SUPPLY AT HIGH VOLTAGE STATIONS 


The use of station batteries for the supplying of 
ower telemetering transmitters located in high 
voltage stations is generally inadvisable. Station 
yatteries usually are connected to an extensive net- 
vork of local control wires having a high electrical 
‘apacitance to ground, and subject to contact or 
eakage to ground. For reliability a separate battery 
yr other insulated source should be used. This 
yattery should be charged from a separate, un- 
rounded generator or rectifier; and if alternating 
‘urrent be used it should be supplied from a separate 
ingrounded transformer fed from the low voltage 
tation bus which should be grounded. 


I—Supervisory Control 


Supervisory control provides, 
yy electrical means and over a relatively small num- 
yer of conductors, for the selective control and 
upervision of several remotely located units of 
quipment or apparatus. It is the purpose of this 
eport to present to the prospective user information 
hat will enable him to select the equipment which 
vill provide the desired operating features and at the 
ame time function satisfactorily in connection with 
ivailable communication circuits. 


\ PPLICATIONS 


At present, supervisory control systems have their 
‘reatest field of application in power systems, where 
hey are used for the automatic operation of appa- 
atus in generating, switching, transformer, or con- 
version stations. These systems are employed also 
n water, gas, oil, and other industries for the 
yperation of pumping stations, and the control of 
evels and pressures of gases, liquids, etc. Super- 
risory control is applicable in general to the remote 
ontrol and supervision of any device that may be 
yperated electrically. A partial list of such devices 
s included in Section 26 (Automatic Stations) of 
\.I.E.E. Standards. 

In addition to the control features provided, indi- 
ations of the position of different devices such as 
witch positions, governor settings, gate and valve 
penings, and of such conditions as bearing and 
vinding temperatures, pressures, levels, synchroniza- 
ion, may be secured. Arrangements for the teleme- 
ering of various quantities may be incorporated in 
ontrol systems. 


-ERFORMANCE FEATURES 


Features generally desirable in supervisory control 
quipment may be summarized as: 


The highest degree of reliability and speed obtainable in the 
orrect selection of units, with due regard for economy. 
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2. Safeguarding of a selected unit against incorrect operation and 
the correct operation of a unit as quickly after its selection as is 
consistent with safety. 


3. A visual and/or audible indication at the control point of changes 
occurring in the position of any of the supervised units. 


4. Automatic notification at the control point of the occurrence 
of major troubles such as open, shorted, or grounded conductors, 
and the loss of operating potential in a distant station, that may 
cause the supervisory control system to become inoperative. 


5. Safeguarding against false operation in the event of failure of 
any portion of the supervisory control equipment to function. 


CAPACITY—POWER SUPPLY 


Some of the supervisory control equipments have 
structural features which impose more or less definite 
physical limitations as to the number of units that 
may be supervised from one system. Other equip- 
ments may be used to supervise any number of units 
that may be installed. Some stations may be of such 
size and importance as to justify more than one 
supervisory control installation. 

The comments under telemetering relating to 
power supply practises in high voltage stations 
apply with equal force to supervisory control. In 
addition, special care should be exercised where 
supervisory wiring is connected to units located in a 
high voltage structure. 

In the full report the supervisory control systems 
have been tabulated in a manner somewhat similar 


to the arrangement for telemetering systems. The 
following systems have been included: 
Name of System Manufacturer 


1. Selectrol system General Control Corp. 
2. Synchronous selector system General Electric Co. 
3. 2-Wire synchronous selector system General Electric Co. 
4. 2-Wire code selector system General Electric Co. 
5. Code synchronous selector system General Electric Co. 
6. Audible selector system General Electric Co. 
7. Audible indicating system General Electric Co. 
8. Synchronous visual system Westinghouse Elec. & 
Mfg. Co. 
9. Visicode radial system Westinghouse Elec. & 
Mfg. Co. 
10. Visicode series system Westinghouse Elec. & 
Mfg. Co. 
11. Visicode parallel system Westinghouse Elec. & 
Mfg. Co. 
12. Audicode system Westinghouse Elec. & 
Mfg. Co. 
13. Televox system Westinghouse Elec. & 
Mfg. Co. 
14. Polaricode system Westinghouse Elec. & 
Mfg. Co. 
15. Polaricode radial parallel system Westinghouse Elec. & 
Mfg. Co. 


Characteristics of the supervisory control devices 
covered by the report are tabulated therein, the 
tables embracing the following items: 


General 
1. Manufacturer 
2. Trade name 
3. Method of selection 
4. Method of checking selection 
5. Method of operation 
6. 

h 


Method of indication 


Characteristics of System 
7. Number of units 
a. Maximum recommended for one system 
b. Normal physical limitation 
8. Maximum number of stations reeommended for parallel opera- 
tion over one group of communication circuits. (See item 20) 
9. Power requirements 
a. Dispatching station 
b. Distant station 
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10. Time required to select and check 
a. 10th unit 
b. 20th unit 
11. Having selected unit, can it be operated repeatedly without 
again performing selecting operation 
Is automatic indication given to dispatcher 
a. Line open 
b. Line short 
ec. Line ground 


18. Can telephone conversation be carried over same communica- 
tion circuit, intermittent or continuous 
14. Is selective telemetering possible over same communication 


circuits 

Is remote manual synchronization possible over same com- 
munication circuits 

Characteristics Affecting Line Transmission 

16. Maximum number impulses per sec 

17. Is neutral or polar relay used 


18. Maximum allowable loop resistance 

19. Minimum allowable insulation resistance 

20. Number of conductors 

21. Possibility of using ground as a conductor 

22. Possibility of using Superposed circuit as conductor 
a. Simplex 
b. Composite 
ec. Carrier 

23. Can system operate through insulating transformers 


Interference and Protective Features 
24. Normal line current 


25. Maximum line current on short circuit 
26. Maximum line volts open circuit 
a. Between wires 
b. To ground 
27. How is system protected from electrostatic and electromagnetic 
induction when exposed to high potential circuits 
28. Is additional equipment required to limit noise in adjacent 
telephone circuits 
29. Description of system 


l!1—Communication Circuits 


Tevemererinc and supervisory 
control systems may be operated over differ- 
ent types of communication circuits. It is not 
practicable to set down rules which will definitely 
determine the type of circuit to be used in a given 
case. The choice will depend upon the charac- 
teristics of the equipment, the available types of 
circuits, the operating distance, cost factors, and 
other circumstances. The transmission and engi- 
neering considerations involved in the selection are 
discussed in the following paragraphs. 


LINE SIGNALS—TRANSLATING MEANS 


The systems described involve the transmission 
of the following types of signals: 
1. D-c signals representing voltage or current, which change in 
accordance with the quantity to be measured. 


2. D-c impulse signals, ranging in frequency from one impulse per 
minute to 15 impulses per sec. 


3. Power frequencies, usually 60 cycles. 


4. Frequencies in the voice range and above. 


Only a limited use of frequencies in the voice 
range or above is being made in telemetering and 
supervisory control systems. The following dis- 
cussion therefore is concerned primarily with circuits 
for the transmission of low frequency and d-c sig- 
nals. The problems involved in the transmission of 
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such signals over line circuits are similar in many 
respects to those encountered in d-c telegraph 
transmission and the same engineering considerations 
{frequently apply. 

Telemetering systems ordinarily transmit in one 
direction only, whereas supervisory control systems 
commonly require successive transmissions in oppo- 
site directions. 


CIRCUIT CHARACTERISTICS 


Circuits for use with telemetering or supervisory 
control systems may be leased or may be owned by 


To 
Telephone 
Apparatus 


Line 
Apparatus 


To 3 2 
Telephone 3 1 


| 
| 

| 

| 

| = 
+ 

1 


Metering 
or Control 
Equipment 


Metering 
or Contro} 
Equipment 


Figuaie 


Grounded low frequency circuit derived 
from simplexed telephone circuit 


the user of the equipment. Both cable and open 
wire facilities are employed for these services, cable 
being in more general use. The line characteristics 
that may affect the operating range of low frequency 
systems are principally the linear resistance, to a 
lesser extent the leakage conductance (or insulation 
resistance), and occasionally the linear capacity or 
inductance. 

The gage of cable most commonly used is No. 19 
A.W.G., although relatively short lengths of 22, 24, 
or 26 gage cable frequently are employed in cities. 

The gages of open wire commonly employed by the 
communication companies are 165-mil (No. 8 
B.W.G.), 128-mil (No. 10 N.B.S.G.), and 104-mil 
(No. 12 N.B.S.G.), which coincide closely with 
those frequently used by the electric utilities and 
other industries; namely, 162-mil (No. 6 A.W.G.), 
128.5-mil (No. 8 A.W.G.), and 101.9-mil (No. 10 
A.W.G.). 

The insulation resistance of cable circuits ord 
narily is so high that it is not an important factor in 
the operation of telemetering and supervisory control 
systems. The insulation values obtained on open 
wire circuits in general are very much lower than 
those for cable circuits. Consequently, leakage 
frequently is the limiting factor in determining the 
range over which telemetering and supervisory con- 
trol systems may be operated on open wire facilities. 
The leakage conductance varies over wide limits, 
depending chiefly upon weather conditions and the 
type and maintenance of the line, and to a smaller 
extent upon the insulators employed. 
leakage in dry weather is negligible compared to 
that in wet weather, it is common practise to engi- 


neer systems on the basis of wet weather leakage |} 


values. For the purpose of determining the approxti- 


mate range and accuracy of telemetering and control} 


systems, it appears convenient to employ a single 
leakage value which may be considered to be repre- 
sentative for any open wire circuit. On this basis, the 
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Fig. 2. Metallic low frequency 
from simplexed telephone circuits 


value of wet weather leakage conductance between 
one wire and ground may be taken as 5 micromhos 
per mile (0.20 megohm-mile). It is thought that on 
the average this value will not be exceeded on more 
than about one day out of a hundred and then only 
for a part of the day, although individual sections 
of the country may vary materially in this respect. 
The wet weather leakage conductance between 
wires probably will not be more than 2.5 micromhos 
per mile. 

For determining the effect of uniformly distributed 
leakage conductance upon the accuracy of a d-c 
telemetering system, the percentage error usually 
may be taken as equal to 50 times the ratio of loop 
resistance in ohms to total insulation resistance in 
ohms. : 

The telemetering and control systems described 
require from 2 to 6 conductors, but since 2-conductor 
systems predominate, this discussion is directed 
primarily toward such circuits. The principles 
involved may be extended readily to systems re- 
quiring 3 or more conductors. 

Circuits may be divided into 2 classes: metallic 
circuits in which a metallic conducting path is 
employed throughout, and grounded circuits in 
which the ground is used as one side. For many 
applications metallic circuits constitute a more 
desirable transmission medium than grounded cir- 
cuits. However, the latter are satisfactory in many 
eases and ordinarily can be obtained at a low cost. 

The simplest forms of circuits which may be used 
are: a circuit consisting of two conductors, and a 
circuit consisting of a single conductor and ground. 
More complicated arrangements are encountered 
when it is desired to superpose the telemetering or 
supervisory control channel on a circuit which also is 
used for telephone purposes. Such superposition is 
accomplished by simplexing or compositing. 
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SIMPLEX ARRANGEMENTS 


The simplex method, illustrated in Fig. 1 as 
applied to the derivation of a grounded circuit, is 
based upon the principle of balance. If the telephone 
circuit is perfectly balanced there will be no net 
emf or current produced in either the telephone 
circuit or the derived simplex circuit by signals being 
transmitted over the other. The use of two tele- 
phone circuits to derive a single metallic low fre- 
quency circuit is shown in Fig. 2. 

If a telephone pair is simplexed it cannot be used 
as a part of a phantom circuit. However, a phantom 
may be created from 2 pairs of conductors in the 
usual manner, and the phantom may be simplexed 
so as to give one grounded low frequency circuit 
over the four wires in parallel. 

Simplexing connects the line conductors in parallel 
for the low frequency circuit. Circuit resistance 
thus is reduced correspondingly, but its linear 
leakage and capacity are increased. 


COMPOSITE ARRANGEMENTS 


In superposing a low frequency circuit on a 
telephone circuit by compositing, use is made of 
frequency discrimination. The use of terminal 
composite equipment to derive 2 grounded low 
frequency circuits from a single telephone circuit 
is illustrated in Fig. 3 whereas Fig. 4 shows a single 
metallic low frequency circuit derived in a similar 
manner. The composite terminal equipment may be 
considered as consisting of a high-pass filter which 
freely transmits the telephone currents while at- 
tenuating the low frequency currents, and a low-pass 
filter which passes the low frequencies and attenuates 
the telephone frequencies. The low frequency band 
provided by the composite set extends roughly 
to 75 cycles, while the high frequency band extends 
upward from about 135 cycles. 


CONSIDERATIONS AFFECTING SUPERPOSITION 


Transmission considerations involved in the use of 
simplexed or composited circuits for telemetering and 
supervisory control purposes are similar in general 
to those which apply in d-c telegraph transmission. 
For the longer open wire circuits it frequently will 
be desirable to composite rather than to simplex, 
because of the smaller leakage values obtained with 
composited circuits. Also, for the same reason 
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circuit from composited telephone circuit 


a composited open wire physical circuit normally is 
to be preferred to a composited open wire phantom. 

Superposition frequently is accomplished not at 
the terminals of the telemetering or supervisory con- 
trol system, but at some intermediate point, a simple 
metallic or grounded circuit being used from that 
point to the system terminal. The low frequency 
circuit may, of course, be superposed on several 
different telephone circuits in different parts of its 
length. 

The circuit lengths for which superposition may 
be considered, ordinarily will be in excess of 1 or 2 
miles. 


COMMON CIRCUITS 


In some instances where a single metallic telephone 
circuit is available a suitable circuit arrangement will 
permit the use of this circuit also as a metallic low 
frequency circuit. In such cases the principal 
problem frequently is that of transmitting the 
telephone ringing current and the telemetering or 
control current without mutual interference. An 
arrangement employed for the derivation of a 
metallic circuit for a d-c telemetering system ee a 
metallic telephone circuit is shown in Fig. 5. In 
this case the low frequency ringing (16 or 20 ae 
is applied to ground. 

When several metallic circuits are desired between 
the same two terminals it is possible under certain 
conditions to use a single metallic conducting path 
as a common return, thus effecting an economy in the 
number of separate metallic paths required. This 
plan usually is feasible only for short distances 
where the circuit resistance is small in comparison 
with that of the terminals. It has been used success- 
fully for systems employing d-c impulse signals. 


MAINTENANCE AND INTERFERENCE PROTECTION 


Since telemetering and supervisory control ser- 
vices generally are of vital importance in the fields 
in which they are applied, the highest practicable 
degree of continuity and reliability of operation is 
essential in most cases. Some of the procedures 
which have been found helpful include: 

1. Special markings at the terminals, frames, protectors, test 


boards, etc., where the circuits appear. These serve to guard 
against possible interference or interruption to service. 


2. Frequent routine tests and inspections of the facilities. 
83. Arrangements for prompt location and clearing of troubles. 


4. Arrangements for prompt restoration of service in the event of 
failure. 
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In operating telemetering and supervisory control 
systems in connection with different types of com- 
munication circuits, the application of certain re- 
quirements and limitations as to protection and 
interference conditions has been found desirable. 
These have been determined with a view to: 


1. The provision of a satisfactory grade of telemetering and super- 
visory control service. 


2. The avoidance of possible hazard to communication plant and 
personnel. 


3. Avoidance of possible interference with communication services. 


The requirements and limitations usually de- 
sirable for low frequency telemetering and super- 
visory control systems may be briefly summarized as: 


a. The potential of a d-c supply under any conditions should not 
exceed 135 volts positive or negative between any conductor and 
ground. A potential of 270 volts may be employed between the 2 
wires of a pair provided the midpoint of the applied voltage is 
grounded. 


b. The potential of an a-c supply should not exceed 120 volts rms 
value between conductors or between any conductor and ground. 


c. The maximum line current under any conditions should not 
exceed 0.35 amp. (In some types of loaded telephone conductors 
the maximum current is limited to 0.10 amp.) 


d. Where there is a possibility of experiencing excessive ground 
potentials there should be no metallic connection between the line 
facilities and the high voltage station ground. 


e. The apparatus should be provided with insulation adequate for 
the conditions under which it is to be used. 


f. Not more than 50,000 noise units should be impressed on a paired 
metallic circuit. The noise impressed on any two wires not in the 
same pair, or between any wire and ground, should not exceed 
10,000 noise units. 


The communication companies generally are 


- equipped to make noise measurements in coopera- 


tion with the user of the telemetering or super- 
visory control equipment. The above provisions 
agree, in general, with those observed in the operation 
of commercial telephone plant. When the user of 
telemetering or supervisory control equipment pro-— 
vides his own circuits it is sometimes possible to 
exceed these limitations without undesirable effects. 
Many of the systems now furnished by the various 
manufacturing companies are designed and con- 
structed so as to conform to the provisions listed 
above. 


GROUND POTENTIALS AND THEIR EFFECTS 


An item of interest in metering and control 
services is the possible occurrence of differences be- 
tween the ground potentials at the two ends of the: 
circuit that may be of sufficient magnitude to cause 
appreciable interference in grounded circuits. Me- 
tallic circuits, on the contrary, are very rarely} 
affected by ground potentials. 
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Differences in ground potentials ordinarily are 
small (not more than 10 volts). However, in a few 
locations in the United States the geological forma- 
tion is such that varying differences of substantial 
magnitude in ground potential occur more or less 
continuously. Difficulties incident to this cause may 
be overcome by an arrangement known as a ground 
potential compensator, which will neutralize ground 
potential differences up to about+100 volts. 

The effect of ground potentials on telemetering and 
control circuits depends, of course, upon the type of 
system. As a rule, the accuracy of telemetering 
systems which use a slowly varying direct voltage or 
current is affected by ground potentials. Conse- 
quently, metallic circuits generally are more de- 
sirable for such services. Systems’ employing d-c 
impulses, however, are much less susceptible in this 
respect, and usually are not affected by small differ- 
ences in ground potentials. Therefore, grounded 
circuits may be used successfully in many applica- 
tions of these latter types of systems. 

Where several telemetering or supervisory control 
systems employing relay operation are to be used 
between the same terminals, an arrangement may be 
provided whereby a grounded channel is used for 
each system and a single auxiliary conductor is used 
to compensate for the effect of ground potentials in 
all systems. 


POWER INTERFERENCE 


In certain cases the transfer of energy from power 
circuits may introduce substantial alternating volt- 
ages and currents into circuits used for telemetering 
and supervisory control systems. If circuits closely 
parallel power line rights-of-way, special drainage 
and protection arrangements ordinarily will be 
required. In the more usual cases where signal 
circuits are less severely exposed to the power cir- 
cuits, appreciable induction may be experienced 
during normal operation of the power system, but 
disturbances caused by abnormal occurrences on the 
power circuits, such as short circuits or grounds, 
will be of greater importance. 

As in the case of differences in ground potential, 
metallic circuits are much less susceptible to power 
interference than are grounded circuits. Also, cable 
circuits are much less affected than open wire cir- 
cuits. The amount of actual interference that such 
power induction may produce in telemetering and 
supervisory control systems depends, of course, upon 
the type of system employed and upon the magni- 
tude of the effects present. 

If a high voltage station ground or a nearby 
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ground is used for grounded telemetering or super- 
visory control circuits these circuits are extremely 
susceptible to interference at times of abnormal 
conditions in the power system. This difficulty 
may be obviated by using an operating ground at an 
intermediate point (such as a telephone central 
office) some distance away from the high voltage 
station and employing a metallic circuit between 
that point and the high voltage station. This makes 
possible the use of a grounded circuit in sections not 
affected by disturbing potentials. The metallic 
circuit extending to the high voltage station must, of 
course, be insulated against the maximum potentials 
to which it may be subjected. 


OPERATING DISTANCES 


The distance over which satisfactory operation 
may be secured with different types of telemetering 
and supervisory control systems depends both upon. 
the design of the system and the character of the 
associated communication circuits. Ordinarily the 
manufacturer will indicate the approximate length 
of different types of circuits over which his equip- 
ment will yield a satisfactory performance. The 
scope of this report does not permit a statement 
of the maximum distances which may be spanned 
with each equipment as applied to each type of 
circuit. A few general observations, however, may 
be helpful. 

For cable circuits, especially of the metallic type, 
the resistance usually is the principal factor in de- 
termining the operating range. With open wire 
circuits, the leakage frequently will be the con- 
trolling factor. 

For systems having the higher speeds of trans- 
mitting impulses and for 60-cycle systems, es- 
pecially when operated on simplexed or composited 
facilities, the effects of capacity and inductance in 
the communication circuit and in the compositing 
equipment will limit the length to much shorter 
values than those determined by resistance only. 

In general, the positions of type telemetering 
systems are best suited to comparatively short 
distances, perhaps up to 5 miles. 

The voltage and current types of telemetering 
systems cover, in general, a range of operating 
distances up to about 50 miles, with greater ranges 
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feasible if simplexed cable circuits are used. The 
accuracy of these systems is affected appreciably by 
the leakage on open wire circuits. Metallic circuits 
are preferable for these systems; in fact, are essential 
for certain types. 

Systems employing d-c impulses generally will span 
a maximum distance of from 50 to 250 miles or more. 
These systems are well adapted to the use of 
grounded channels, and their accuracy is not im- 
paired by leakage conditions. For systems em- 
ploying relay operation, greater distances usually 
may be spanned and superior operating results 
obtained by the use of polar operation or the equiva- 
lent instead of open-and-close operation. 

Repeaters, for the most part, are unnecessary for 
the distances normally to be covered. In cases 
where it is desired to span unusually long distances, 
certain of the systems employing d-c impulse sig- 
nals may be repeatered with ordinary telegraph 
repeaters. Also, repeaters employing equipment 
similar to the terminal equipment for some of the 
systems can be furnished by the manufacturers. 


CIRCUITS FOR VOICE FREQUENCY 


The employment of signals in and above the 
voice frequency range is practicable for telemetering 
and supervisory control systems, although in most 
cases d-c or low frequency signals have been used. 
Some of the more important reasons for their usage 


male: 


1. The employment of the voice frequency range for these purposes 
sacrifices its utility for telephone purposes. 


2. The avoidance of interference with adjacent services is readily 
obtained by the utilization of the low frequencies. 


The protection provisions desirable for  tele- 
metering and supervisory control systems employing 
frequencies in or above the voice range are somewhat 
the same as for low frequency systems. Where 
there is a possibility of interference with other ser- 
vices, the amount of energy usually is determined on 
the basis that the signaling energy should be com- 
parable in its interfering effect with the normal 
voice currents. 


IV—Conclusion 


Consiperinc the rapid advances 
in the art, a report of this nature, summarizing 
the present available information concerning tele- 
metering and supervisory control systems, un- 
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doubtedly will be out of date in a relatively short 
time. It is hoped that frequent contributions will 
be received from users of telemetering and super-_ 
visory control equipment reporting their experiences 
with this apparatus so that this report may be 
supplemented from time to time as may seem de- 
sirable. The committee will be glad to assemble 
and correlate any comments of this nature that may 
be offered. 


New Radio Tube Has 
Attractive Characteristics 


Pore into apparently successful 
practical application the results of several inde- 
pendent research efforts, a new radio tube of interest- 
ing characteristics recently has been brought into 
the market. Known as the “Wunderlich Tube’’ this 
device is specially designed to serve as a high quality 
detector which combines full-wave rectification with 
a stage of audio amplification and provides also, 
all within one tube structure, the necessary voltage 
for the automatic control of sensitivity. 

This new tube may be described as a coplanar 
grid tube in which grid rectification is obtained by 
employing 2 grids as the 2 anodes in a full-wave 
rectifier circuit, while these grids act in parallel to 
amplify the rectifier audio-frequency voltage, de- 
veloped across the grid leak and grid condenser. 
The coplanar grid arrangement increases the power 
handling capacity of the grid-leak detector by giving 


greater output and also permitting the develop- 


ment of a voltage sufficient for automatic volume 
control purposes. The tube, of course, is distinctly 
different, both in construction and operation, from 
any of the other tubes now commercially available. 
It may be thought of as being an ordinary 3-elec- 
trode tube to which there has been added a second 
grid wound between the meshes at the usual grid, 
and developed in this instance to give a combined 
power detector and automatic volume control tube 
all in one. The detecting action is of the power- 
grid rectification type and, because of the coplanar 
arrangement, is able to deliver approximately twice 
as much undistorted output as can the ordinary 
triode type of grid rectifier. The volume control | 
function is said to be performed without interfering 
in any way with the tube’s primary function as a | 
detector. Experiments seem to show that various 
control groupings can be arranged depending upon | 
the characteristics of the particular circuit in which | 
the tube is to be used. 

The tube derives its name from Norman E. Wun- 
derlich (A’27) of Chicago who, in cooperation with 
the Arcturus Radio Tube Company of Newark, 
N. J., has sponsored this first commercial coplanar | 
grid type of vacuum tube to be placed upon the 
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American market. Some details pertaining to earlier 
fforts to develop a commercial type of coplanar 
rid tube are described in a paper, ‘“‘A Study of the 
Jutput Power Obtained From Vacuum Tubes of 
Different Types,” prepared by H. A. Pidgeon and 
|. O. McNally (A’26) which may be found on p. 
266 of the February 1930 issue of the Proceedings 
yf the Institute of Radio Engineers. Experimental 
ind theoretical data supporting the contention that 
satisfactory power grid leak detection could be ob- 
ained were given in a paper, ‘Some Properties of 
srid Leak Power Detection,’ prepared by F. E. 
ferman (A’23) associate professor of electrical engi- 
leering at Stanford University (California) and 
N. R. Morgan, then a graduate student at Stanford. 
[his paper may be found in the December 1930 
Proceedings of the I. R. E. The Wunderlich tube 
s the first commercial development to make use 
of these works and its evolution shows a serious 
uttempt to develop a new tube capable of perform- 
ng the functions for which present day receivers 
‘equire 2 tubes. 


“Nothing 
More Modern” 


Electrical features of the Philadelphia 
Saving Fund Building include unusually 
high artificial illumination and complete 
air cooling and conditioning equipment, 
serving the entire building. The installa- 
tion involves some unique designs and 
new applications of engineering materials. 
Owners, architects, and engineers have co- 
operated to secure a highly modern and 
practical structure. 


y Associated with Howe and Lescaze, 


G D. FAWCETT architects, and with H. Berkeley Heckett, 


MEMBER A.1.E.E. Philadelphia, Pa. 


consulting engineer, 


| Bee OLDEST savings bank in 
America, the Philadelphia (Pa.) Saving Fund So- 
‘iety, now is completing construction of a new 33- 


Vritten especially for ELECTRICAL ENGINEERING by Mr. Fawcett, who in 
ddition to his consulting activity is professor of electrical engineering at the 
Moore School of Electrical Engineering, University of Pennsylvania, Phila- 
elphia, Pa. Not published in pamphlet form. 
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story bank and office building of the most modern 
functional design in America. With electrical and 
mechanical equipment selected to provide extensively 
for the comfort and convenience of its occupants, 
the building provides: elevator service 20 per cent 
faster than found in typical similar structures; for 
natural lighting efficiency, an outside wall area 65 
per cent glass; for artificial lighting efficiency, an 
indirect system providing on all normal working 
planes an evenly diffused non-glare illumination of 
19 ft-c; for exterior decorative effects, floodlighting 
near the ground, panel lighting near the roof, and a 
27 X 120-ft neon sign on the roof; for the health and 
comfort of those in the building a complete recircu- 
lating air cooling and conditioning system, with full 
temperature and humidity control. Communica- 
tion, alarm, and signal systems installed provide 
extensive facilities for telephone, radio, television, 
telegraph, stock ticker, telautograph, and synchro- 
nous time services. It is contemplated that the 
building will stand as a creditable monument to its 
owners, architects, and engineers, as an exemplifica- 
tion of their design slogan, ‘‘Nothing more modern.”’ 

Electric service to the building is supplied over 
2 13.2-kv 3-phase 60-cycle circuits from independent 
sources. Two isolated sections of 13.2-kv bus and 
duplicate low voltage buses for power and light 
distribution are designed to operate normally with 
half of the entire building load on each of the 2 
incoming high volt- 
age feeders, with 
arrangements to 
interconnect auto- 
matically the 2 
sections of the high 
voltage bus in the 
event of the failure 
of either feeder. 
The control facili- 
ties provide for 
manual rather than 
automatic restora- 
tion of normal ser- 


vice conditions 
after automatic 
transfer. Awuto- 


matic interlocks 
on both the high 


voltage and low 
voltage circuit 
breakers prevent 


inadvertent paral- 
leling of the 2 main 
service feeders. 
For extreme emer- 
gency conditions, 
full manual con- 
trol may be es- 
tablished through 
a master release 


which makes the Fig. 1. Architect's drawing of 
normal interlock- “America’s most modern” com- 
ing features inop- mercial structure, the 33-story bank 
erative. Since and office building of the Phila- 


local system volt- delphia Saving Fund Society 
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age regulation is very good, no regulators were in- 
stalled, 2 2.5 per cent taps above and below the 
normal 13.2-kv connection on each of the main trans- 
formers being supplied for possible future changes 
in nominal voltage values. 

In the sub-basement substation, a 3-section semi- 
circular duplex control board centralizes the control 
and metering for all circuits. The outside sections 
of the board carry triplex ammeters, respectively, 
for the power and the lighting feeders; the center 
section carries a dummy bus with a complete com- 
plement of pilot lights and control switches for 
operating all high voltage switches and the bus-tie 
and inter-bus emergency transfer switches, all 
necessary ammeters, wattmeters, power factor 
meters, totalizing graphic wattmeter, and graphic 
voltmeters for the power and light buses. The rear 
doors of the panel boards carry associated relays and 
test blocks, and also give access to the wiring. For 
all control wiring, multiple-conductor colored control 
cable is used, housed in accessible wire-ways placed 
at the top of the switchboard sections to protect 
against possible damage from flood waters. 

Power for all service motors and elevators through- 
out the building is distributed over 3-wire 3-phase 
60-cycle circuits at a nominal rating of 440 volts, 
whereas lighting equipment is fed from a nominal 
199-115-volt 3-phase 4-wire 60-cycle grounded- 
neutral system. An auto-transformer is provided 
for the emergency transfer of energy between the 
light and power buses in the event of failure of one 
of the main transformers. Color identified wires and 
cables are used throughout the building for all low 
voltage feeders, subfeeders, and branch circuits for 
both light and power. Two special elevator feeders 
run the full height of the building, each with taps at 
the 20th floor for the low rise elevators, and at the 
38rd floor for the high rise elevators. Each elevator 
feeder has copper capacity sufficient to serve all 
elevators, and switching facilities to provide for the 


Fig. 2. Seven metalclad oil circuit breakers serve 

the 13.2-kv bus; 2 for incoming service lines, 2 for 

power supply, 2 for lighting supply, and one service 
bus tie 
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transfer of any elevator to either feeder and hence to 
either of the building services. 
tunity thus is provided for balancing power loads, 
for balancing power factor on the service feeders, 
and for inspection and maintenance requirements. 
In addition to the 2 elevator circuits there are 9 
power feeders and 9 lighting feeders, and provisions 


. 


, 
} 


An excellent oppor-_ 


for one spare feeder for replacing any defective 


lighting feeder. All circuits for the lighting system, 
including the transformers, have been designed and 
installed for a capacity approximately 50 per cent 
greater than the present connected load. 

An interesting departure from common practise is 
presented in the design used in both low voltage bus 
feeders and in the corresponding distribution risers 


Fig. 3. Oil-insulated self-cooled transformer equip- 

ment includes 2 1,200-kva 3-phase units for power 

supply, 2 750-kva 3-phase units for lighting supply, 

and one 750-kva 3-phase auto-transformer unit (not 

shown) for emergency interconnection between the 

440-volt power buses and the 115-199-volt 4-wire 
lighting buses 


Fig. 4. The use of sheet insulation in the bus 

assemblies speeded construction, simplified expan- 

sion problems, proved no more costly than the 

more usual types of construction and will expedite 
inspection and repair 
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Fig. 5. Steel feeder compartments for the wire shaft 
which extends the entire height of the building were 
factory-made in sections for each floor span. Feeder 
conductors consist of 2 '/; X 2-in. flat copper strips 
per phase, designed for a current density of 800 amp 
per sq in., and supported and spaced by sections of 
sheet insulation. For tap-offs, special connection 
boxes fitted with suitable outlets are substituted for 
the plain covers shown 


through the building. In both instances, flat copper 
strap of convenient proportion was used, spaced, 
insulated, and supported by flat sheets of composition 
insulating material. An example of this construc- 
tion as used in the main low voltage buses may be 
seen in Fig. 4, where it may be noted also that the 
supporting sheet insulation is mounted by means of 
bolts sliding in slotted angle iron pieces which in turn 
are bolted to the concrete floor slabs. This latter 
construction is used for long runs and, with flexible 
cable connections at the ends of the runs, takes care 
of all temperature expansion and contraction in the 
bus copper. Electrical and mechanical tests have 
indicated high factors of safety under both dry and 
wet conditions. 

A related type of construction is used for the main 
vertical distribution circuits as indicated in Fig. 5. 
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The steel raceways 
carrying these cir- 
cuits line the wire 
shaft on 2 sides 
from the sub-base- 
ment to the 32nd 
floor. In these 
steel feeder com- 
partments the flat 
copper conductors 
are guided and 
spaced by sheet 
insulation spacers 
located every 4 ft, 
and the weight is 
supported by verti- 
cal sheets of insu- 
lating material. 
Each phase of bus- 
bar feeder is sup- 
ported, cat+- the 
middle of a 120-ft 
vertical section by 
one of these sheet- 
insulation sup- 
ports, and the ex- 
pansion is upward 


Fig. 6. Lighting fixtures are se- 
verely simple in contour and finish, 
and economical in first cost and 


maintenance. They use 200-watt 


and downward : 
fone thaw hxcd silvered-bowl processed lamps 
point. Woven _ hung 40 in. below the ceiling on 


copper straps, sur- 81/. to 91/>-K centers 
rounded with com- 

position phase-spacers take care of the expansion be- 
tween these sections. 

Over the entire length of the wire shaft compart- 
ment covers are removable and tap-off feeders are 
housed in enclosing boxes which fit into the spaces 
otherwise normally occupied by the compartment 
covers, thus providing convenient connection at any 
desired point. Between the adjacent steel feeder 
compartments there exist, as a “‘by-product”’ of the 
design, wire raceways approximately 3 X 6 in. in 
cross-section in which low-capacity rubber-insulated 
cables and control wiring for various building - 
services are installed. The whole design is safe, 
fireproof, compact, easily accessible for inspection 
and repair, economical in first cost, and readily 
capable of expansion in copper capacity and extra 
tap-offs without loss of existing materials. 

The principal features of illumination in the build- 
ing, as already mentioned, include relatively high 
intensity of interior illumination and the neon sign 
of spectacular proportions on the roof. The ex- 
ceptionally fine lighting effect with the 19 ft-c of 
evenly diffused light is secured by the simple unit 
shown in Fig. 6. To eliminate glare and specular 
reflection, the light gray walls and white ceilings 
are painted with a non-gloss finish. 

The neon sign on the roof of the building about 
500 ft. above the sidewalk is one of the largest in the 
United States. Each letter is 27 ft high, 9 in. in 
depth, 15 ft wide, and has a 22-in. stroke. The 
letters are supported in free space 30 in. in front of a 
solid metal plate background which spans 120 ft in a 
horizontal direction. The letters are of simple block 
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form, painted white and with porcelain enamel face; 
the background is a deep cobalt-blue. Approxi- 
mately 1,000 ft of 12-mm 30-ma neon-filled tubes are 
used to provide illumination at the center of the 
letter strokes. Visibility and tube light output tests 
now being conducted may alter somewhat the 
ultimate tube specifications. It is expected that the 
sign may be read from a distance of 3144 miles at 
night and 3 miles in the daytime. 

In summarizing some of the outstanding electrical 
features of this building it is of some interest to note 
that some 64 per cent of the building motor load is 
required for the air conditioning and circulating 
equipment, in addition to the motors installed as 
spare units. Other pertinent data are given in the 
following tabulation: 


Total connected motor load (exclusive of spare units)......... 3,620 hp 
Klewatorlosdie a... ccs aera s Oe edn 1,046 hp 
ANr-conditioninesOaAdan een assis. niet 27os Ol p 
Momesticiwatet system. aac see eee cee: 121i hp 
Heating system (for condensate, etc.)........ 41 hp 
Miscellaneous applications.................. 102 hp 

Total connected motor load (approx.)....-. oc ce ce ee ee 3,100 kw 

Potal connected lighting loade si)... cc cece es we Hh ees ROO 1,676 kw 

Grand total connected light and power load.................. 4,776 kw 


Total over-all volumevof_butlding: . 646.0. 5606 bse ot ee 7,977,000 cu ft 
‘Hotal over-all “loot Space. cba .bec.c cine yo ath See ele gees ees 562,680 sq ft 


Space rented by P.S.F.S. (owners)........... 62,900 sq ft 
Office:space, rentable area... . oon ne os 328,510 sq ft 
Store space, rentable area,.............0....+. 35,140 sq ft 
INonsrentablezanea. ei ae eit OU. Sales pando ne 136,130 sq ft 


Researches in 


Arc Welding 


Research of extreme importance in the field 
of electric welding is reviewed briefly in 
this progress report. Laboratory tests have 
demonstrated the impossibility to strike an 
arc with 120 volts between pure iron elec- 
trodes in an atmosphere of pure argon, an 
observation that may require the modifica- 
tion of basic conceptions of the nature of 
the electric arc discharge. 


By 
Lehigh University, 
G. E. DOAN Bethlehem) Pa, 
The Engineering Foundation, 
bf, Ls MYER New York, N. Y. 


I. INDUSTRIAL electric arc welding 
it is often difficult to say, once good or bad results 
have been obtained, just why they are good or why 
bad, and if bad just which of the dozen or more 
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variables in the process was responsible. Obviously 
many inferior welds are being made in this maze 
without leading to any definite conclusion. Some of 
the variables are: 


1. Kind of steel welded—that is, the chemical composition, heat — 


treatment, amount of included matter, and surface condition of the 
parts welded 


2. Kind of electrode wire used 

Preparation of parts prior to welding 

Kind of welding machine used 

The human element in the operator’s work 

Subsequent heat treatment of weld 

A host of others. 


ow Ge eee 


It has been proposed that this admittedly complex 
but industrially important problem be studied by 


statistical methods in which each variable in every 


welding operation, together with the degree of success 
of the operation, be recorded on a series of cards 
which could then be sorted and the role of each 
variable so evaluated. The other obvious method of 
attack is the method of abstracting the basic simpli- 
fied system from the usual complex system; such as 
using pure iron for electrodes and for the parts to be 
joined, and performing the welding in an inert and 
therefore non-participating atmosphere. This latter 
is the method adopted by the present authors and 
supported by the A.I.E.E. through a grant from 
Engineering Foundation in 1930, and supported also 
by Lehigh University. 

The successful completion of this project should 
establish a base line both for the behavior of arcs and 


for the qualities of welds of pure iron in a non-partici- _ 


pating atmosphere. Once the characteristics of an 
iron arc are known, and once the physical, chemical, 
mechanical, and metallurgical properties of pure iron 
welds are established, all more complicated alloys 
such as commercial steels then could be referred to 
that base line as a standard, and a judgment could be 
made of the effects of each alloy element, whether 
desirable or undesirable. Thus, questions such as: 
‘“‘What should be the phosphorus or sulfur content of 
steel for welding? Is nitrogen in steel detrimental 
for welding? What about the best composition for 
welding wire? What is the action of air on the arc 
and on the weld metal?” today unanswered, could 
gradually be answered by reference to the pure iron 
base line, and the wastefulness and uncertainty of 
guessing eliminated. 


PuRITY OF MATERIALS 


Pure iron in the form of wire !/. in. in diameter and 
plates '/s in. thick was contributed for these studies. 
A special method was followed in the preparation of 
these experimental samples from ferrous chlorid 
(FeCle) of reagent grade. This material analyzed as 


follows: 

SO; 0.0005 per cent 
As 0.0000 per cent 
(Sih 0.0000 per cent 
Zn 0.008 per cent 


Specially prepared for ELEcTRICAL ENGINEERING; includes the essential 
substance of a progress report presented informally before the welding session 
of the A.I.E.E. 1932 winter convention, the substance of important discussion 
arising from that presentation, and the results of subsequent research. Not 
published in pamphlet form. 
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t then was partially converted to oxid by heating in 
. porcelain dish in an oven. Decomposition was 
ompleted by adding chemically pure concentrated 
tric acid (HNO;) and reheating in an oven. The 
eric oxid (Fe,Cl;) thus produced was reduced in 
iydrogen in a porcelain tube to give metal powder. 
\fter that, the powder was sintered and drawn into a 
vire, and finally heated in a tungsten grid vacuum 
urnace. 

Argon gas with total impurities amounting to only 
.0003 (30 parts per million), the purest gas obtain- 
ble in quantity, was used for the experiments. The 
re chamber, AC in Fig. 1, was made of pyrex glass, 
is also was the auxiliary purification chamber PC 
nd all connections. The auxiliary chamber con- 
ained a second arc, supplied by a separate 500-volt 
ircuit. The are in this chamber had misch metal 
reactive metals such as cerium or lanthanum) as one 
lectrode. With such an electrode, the metal which 
raporizes from it reacts with any reactive gases in 
he argon and the compounds so formed deposit on 
he walls of the chamber. This has been reported 
lpon in some detail by Dr. Saul Dushman in the 
‘ranklin Institute Journal for June 1931. 


\RCS IN ARGON 


In tests made with argon gas as received, in moist 
ir and in dry air, all metal parts except the iron 
vires, but including the copper grips CC and the glass 
hambers, were baked out previously in a hydrogen 
urnace to expel gases. The chambers then were 
xhausted, filled with argon, again exhausted and 
illed, and the arc struck between electrodes EE by 
urning the ground glass lug Z. Runs made without 
yperating the misch metal arc further to purify the 
rgon gas as purchased, gave a normal arc discharge 
itt EE with an impressed potential of 120 volts. The 
esults so obtained, while valuable, were not espe- 
ially noteworthy. The length of the arc was 
neasured by projection onto a screen; the current 
nd voltage by Weston standard laboratory meters. 
The results are shown in the characteristic curves in 
igs. 2 and 3. Currents higher than 2.5 amp could 
iot be used without consumption of the electrode. 
‘or comparison with the argon, similar runs were 
nade in slowly circulating dry air and in circulating 
noist air. These characteristic curves for dry air 
nd for moist air arcs of pure iron are included in 
‘igs. 2 and 3. 

As Fig. 2 shows, the arcs in air, both dry and moist, 
equire a substantially higher voltage than the arc in 
rgon. Also, the arc in air cannot be extended to 
uch lengths as the arc in argon, which latter goes to 
}mm without extinction. In most cases the voltage 
f arcs of a given length in dry air are lower than in 
aoist air, as reported also by Shrum and Wiest at the 
931 winter convention of the A.I.E.E. (A.1.E.E. 
RANS., v. 50, June 1931, p.650-5). Both 1-amp arcs 
how irregularly high voltages indicating probably 
hat the arc was in transition between the first and 
econd arc stages. Further information concerning 
his may be found in papers by S. Maisel (Phys. Zezt., 
. 550, 1904); C. P. Steinmetz (Trans. Elec. Cong., 
t. Louis, v. 2, p. 704, 1904); Cady and Arnold 
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(Am. Jl. of Science, v. 24, p. 383, Nov. 1907). At 
4 mm the dry air arc curves of Fig. 3 show breaks at 
all currents. No explanation for this irregularity is 
offered at present. In ‘other respects the curves in 


AC, arcing chamber; C, electrode 
holders of copper with cooling fins; 
CL, current leads; E, pure iron elec- 
trodes; L, lug ground into stopcock 
with device for moving upper elec- 
trode; PC, purification chamber; M, 
misch-metal purification-arc; VL, volt- cL 
meter leads 
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Fig. 1. (Above) 
Apparatus used 
for the determina- 
tion of the charac- 


teristics of arcs 
drawn between 5 
pure iron elec- 


oO 


trodesinan atmos- 
phere of argon gas 
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Fig. 2. (Right) 
Comparison of the 
voltampere char- 
acteristics of the 
iron arc in argon 
gas, moist air, and 
dry air 
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air and those in argon are quite regular. The 1-mm 
curve in argon is approaching rapidly the condition 
of constant minimum voltage, independent of arc 
current. 

The arc in argon deposited a black coating on the 
chamber, probably condensed iron vapor; in air the 
deposit was of a brownish red color like iron oxid. 
The are was difficult to strike at first when new 
electrodes were used in dry air, but not so in moist air. 

Both the are in argon and in moist air satisfy 
W. B. Nottingham’s equation 


V= A+ with m = 262 x 10-7 
(where T is the boiling point of the anode) as given in 
the A.I.E.E. Journat for Feb. 1923, p. 302. 


ARC IN DRASTICALLY PURIFIED ARGON 


The most astonishing results came when a final 
drastic purification of the argon as purchased was 
carried out by circulating it through the misch-metal- 
arc purification chamber for several hours before the 
iron electrodes LE were touched. In these runs the 
greatest care was exercised to obtain absolute cleanli- 
ness. An entirely new glass system and new iron 
electrodes were used each time. All parts (except 
the iron) were thoroughly baked out in the furnace 
prior to use. After circulating the argon for several 
hours (by convection) between the purification 
chamber and the arc chamber proper, the electrodes 
EE with a potential of 120 volts across them were 
touched and slowly separated. In all cases, however 
slow and cautious the separation, no arc could be 
struck. It was simply impossible to strike an arc 
between the pure iron electrodes with 120 volts in an 
atmosphere of pure argon. 

The implications of this result are far reaching. It 
has never been supposed previously that an arc re- 
quired for its establishment a complex atmosphere, 
or one containing chemically active gases such as the 
nitrogen and:water vapor which constituted most of 
the 30 parts of impurity in 1,000,000 parts of “‘im- 
pure’ argon as received. The low voltage electrical 
discharge through gas or vapor (i. e., the are discharge) 


7 
has been explained by Dr. K. T. Compton (Phys. 
Rev., v. 21, p. 266, 1923) on the basis of thermionic 
emission from a hot cathode, and by Dr. Irving 
Langmuir (G. He Revs, v.26, p. 735) 1923 wetenae 
v. 58, p. 290, 1923) from the accumulation opposite 
the cathode of a positive space charge which pulls 
electrons out of the cathode, whether hot or cold. 
Most arcs can be accounted for successfully by one 
or the other theory. Neither theory postulates the 
necessity for the presence of chemically active atoms 
or molecules in the arc environment, and yet the 
refusal of the arc to form in the pure gas used in the 
experiments here reported indicates this new view. 
Arcs in argon have been reported frequently in the 
past, but never in a gas so highly purified as in the 
present studies. It is possible that our most basic 
conceptions of the nature of the are discharge may 
require modification to conform to these observations 
of the iron arc in argon. : 

If the rigorousness of the purification were relaxed 
in the slightest degree—if, for example, the surfaces 
of the iron electrodes were not scrupulously cleaned” 
immediately before insertion into the chamber—the > 
normal are would strike without difficulty; or if the 
copper grips CC were not baked thoroughly, a dis-_ 
charge between the lower grip (copper) and the upper 
electrode (iron) about 1!/. in. long would set in, and 
after a minute or so return to the electrode tips as a 
normal iron are. In the tests which revealed this 
possible condition apparently enough gas had been 
liberated from the impure copper grip to support the 
arc in the then contaminated argon gas. However, 
when purification was carefully prosecuted and com-_ 
plete it was impossible to strike an are in any one of 
the 4 glass systems built. 


HYPOTHESES TO EXPLAIN NON-ARCING 


Hypotheses to explain this new characteristic of 
the arc, at least for the iron are in argon, were offered 
following presentation of these results at the 1932 
A.I.E.E. winter convention by Dr. K. T. Compton, 
Dr. Saul Dushman, and Dr. Joseph Slepian. Be- 
cause of their considerable theoretical interest, these 
hypotheses are stated in the following paragraphs. 
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In commenting on the inability to obtain the nor- 
nal arc under these ‘‘drastically purified’’ conditions, 
Dr. Compton in a private communication suggests 
hat possibly an oxid layer on the cathode is a pre- 
equisite in maintaining the proper cathode tempera- 
ure (in accordance with the thermionic emission 
theory of the arc). Such an oxid layer might raise 
che cathode temperature by virtue of its electrical 
esistance or its thermal insulating properties. 
Compton further suggests that the elastic electron 
mpacts with argon molecules might so scatter the 
surrent over the cathode as to make impossible the 
sstablishment of a cathode spot. 

Dr. Dushman in a private communication, also 
Sonsidering the are in terms of thermionic emission, 
remarks that a thin film of iron on an oxid surface of 
the metal has a far greater thermionic emission than 
aas the uncontaminated metal surface itself. He is 
undertaking new experiments in a study of such 
affects. 

Dr. Slepian discussed the subject before the con- 
vention in the light of Langmuir’s space charge 
theory. For low current arcs, such as used in the 


Electrical Operation 
on the Great Northern 


To eliminate a circuitous mountain cross- 
ing which had become the “bottle neck” 
of the line, the Great Northern Railway 
built a tunnel almost 8 miles long, re- 
located 17 miles of track, and electrified 
73 miles of line. Some of the operating 
experiences and savings effected in the 
3 years since electrical operation was 
begun are outlined in this article. 


By 
J. B. COX 


ASSOCIATE A.1.E.E. 


General Elec. 
Co., Erie, Pa. 


eee of the Cascade 
Division of the Great Northern Railway main line 
setween Skykomish and Wenatchee, Wash., has 
loubled the capacity of that portion of the line and 
aas resulted in many operating advantages. The 
lectrification, which embraces a total of 73 route 


?ssentially full text of a paper ‘‘Electrical Operation on the Cascade Division of 
he Great Northern Railway” (No. 32-110) presented at the A.I.E.E. Pacific 
Soast convention, August 30-September 2, 1932. 
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present experiments, the positive space charge just 
outside the cathode is very small. Consequently, the 
lines of force of such a charge are spread out so widely 
that the electric field between the space charge and 
the cathode is weakened materially. If the field 
strength drops below a certain value, it is impossible 
for electrons to be ‘‘pulled out” of the cathode, and 
hence the discharge cannot be supported. 

Because of the indicated basic nature of the dis- 
covery, these experiments are being continued as part 
of a comprehensive program, both in America at 
Lehigh University and abroad in Berlin whence the 
junior author of this report has gone to continue cer- 
tain phases of the work. It is contemplated that a 
complete, detailed report on the studies of the pure 
iron arc in argon may be published soon by the 
American Welding Society. Concurrently, the ef- 
forts to determine the properties of pure iron welds 
are being continued; welds of pure iron and also 
welds of commercial steel have been prepared in 
“impure” argon and in air. The chemical, physical, 
mechanical, and metallurgical properties of these 
welds now are being ascertained. 


Fig. 1. 


Locomotive and train leaving western end 
of new Cascade tunnel 


miles, was carried out in conjunction with the build- 
ing of a new tunnel 7.79 miles long, and the relocation 
of approximately 17 route miles of troublesome track 
and other minor improvements, aggregating the total 
expenditure of approximately $25,500,000. All of 
these improvements were placed in operation at 
about the same time so that there has been no 
opportunity to make a direct and segregated com- 
parison of operating expenses that would indicate 
definitely the advantages of each improvement 
separately. The new tunnel represented the second 
undertaking of that nature in the history of the 
Great Northern Railway’s route across the precipi- 
tous Cascade range. 

The original route, which was placed in operation 
in 1893, went over the range through Stevens Pass at 
an elevation of 4,059 ft. It was possible to keep the 
maximum grade at 2.2 per cent up to 3,382 ft on the 
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eastern slope, and to el 3,126 ft on the western slope. 
These points were approximately 2.7 miles apart by 
direct line through the mountain or 4.5 miles over the 
pass. A tunnel between these points was considered 
at the time, but it would have cost more and taken 
much longer to tunnel than to build the road through 
the pass, two very important items in those days; 
consequently the line was built through the pass. 
This was done by increasing the ruling grade to 4 per 
cent and resorting to an 8-point switchback, involv- 
ing approximately 12 miles of track. As had been 
foreseen, this switchback became the proverbial 
“bottle neck” of the line and with the natural in- 
crease of traffic, its capacity soon was reached. This 
was particularly so during the winter months when 
there was apt to be an aggregate fall of from 50 to 
100 ft of snow at a rate as high as 8 to 10 in. per hr 
at times. 

To overcome these difficulties and to improve the 
service, the construction of a 2.63-mile tunnel was 
begun in 1897. This tunnel which was placed in 
operation in 1900 ran in a straight line at a constant 
grade of 1.695 per cent eastbound, cut out the entire 
switchback, and eliminated 2,332 degrees of curva- 
ture and all grades in excess of 2.2 per cent. This 
improvement shortened the route approximately 9 
miles which reducéd the running time of all trains 
about 2 hr with a corresponding decrease in operating 
expenses. 


First TUNNEL ELECTRIFIED IN 1909 


With a further increase in traffic the ventilation of 
this tunnel became so unsatisfactory with the opera- 
tion of coal burning steam locomotives that the tun- 
nel and tracks at each end were electrified. The 
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Fig. 2. Condensed profile of the old and new 


routes over the Cascade range 


Table I—Comparison Between Old and New Lines 


Advantages 

Old Line New Line of New Line 
Wen gehenrwslesnn a gtianG wiki ouiey pon Ole Mammen BEC T  re nie 4 7.68 
Maximum curve, deg............... 10.00 6.00 
ALotalnctinvatures(e sc avin der nether ne 187 1,941 
Maximum grade; Tu vi esc oe is cartes Dee aged sein 2.2 
PP Innel-erACe eA asco nse = asa OOuRs W695%7 as 1.565 
Summit elevation, ft... 0600008 «s Siooe ue eee am 2,881 501 
Total*rise westward, ft.............. S469 Soca 45 501 
Motaltalluwestwarditicreane ape nhyOeO 1 enemile B24 Ty Pee, 501 
Total length of snow shed, miles..... (HEOE Beto eae 6.04 
Total length bridges, miles.......... OR ZS eres 0.04 0.19 
Total length tunnels, miles.......... SROOn ate os 7.79 
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3-phase system was selected for this installation © 


largely because of its ready adaptation to regenera- 
tive braking. It was the first and only application 
of this system in America, as well as the first re- 
generative braking on a steam railroad. (See ‘The 
Electric System of the Great Northern Railway at 
Cascade-_Tunnel,” CC. T. Hutchinson, A-LE.E? 
TRANS., v. 38, 1909, p. 1281.) 

Electrical operation of this tunnel was begun in 
July 1909. The 3-phase equipment satisfactorily 
met the original requirements and was continued in 
service until March 1927 when it was replaced by the 
present single-phase system. The only notable modi- 
fication of the 3-phase equipment was the installation 
of the necessary wiring and switches for a concate- 
nated connection of the traction motors to provide 
a running speed of 7!/. mph in addition to the speed 
of 15 mph originally selected. This was done in 


the latter part of 1923 when the division point of — 
the road was removed from Leavenworth to Wenat-~ 


chee (Appleyard) which increased the length of the © 
freight run from 109.38 miles to approximately 132 


miles. 
At the beginning of electrical operation, the freight 


trains did not exceed 1,600 tons trailing so that 3 of © 


the 115-ton electric units were used to take this train 
with the road steam locomotives through the tunnel 
atone trip. With a gradual increase in train weights 
it had been found necessary to cut the heavier trains 
and take them through in 2 trips on account of the 
limited capacity of the Tumwater power plant; this 
caused a delay of about an hour. By using the half- 


— 


speed connection it was possible to use 4 electric units | 


per train and to haul up to 2,200 tons trailing plus the 
steam road locomotives through the tunnel at a single 
trip without exceeding the capacity of the power 
plant. 


ELECTRIFICATION EXTENDED 


This lessening of the total number of trips per day 


left the electric locomotive crews and the power plant 
idle a greater portion of the time. Consequently 
consideration soon was given to the extension of the 
electrification from the west portal of the tunnel to 
Skykomish, a distance of approximately 21 miles, so 
that the electric units might be used to replace the 
steam locomotives used in the helper service on the 
2.2 per cent grade up the west slope. A study of this 
plan indicated that, if adopted, quite a saving in 
operating expenses should result in addition to some 
saving in time. There would be practically no 


increase for electrical operating cost as the extended | 


service would increase only the load factor without 
adding greatly to the crew hours paid for, and the 
necessity for the stop at the west portal of the tunnel 
would be avoided. 

In the consideration of this extension it was 
realized that a new tunnel undoubtedly would be 
constructed within a few years, involving a new 


route which would result in the abandonment of at_ 
least 9 miles of this proposed extension as well as the | 


old tunnel electrification. It was necessary therefore 
that the expenditure for the extension be kept at a 
minimum and that any additional electric locomo- 
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ives required be capable of use on any desired change 
f route. 

The 3-phase locomotives then in use in the tunnel 
vith their constant speed characteristics and with 
nly 2 operating speeds were not best suited to meet 
yperating conditions on the extension. This fact, 
ogether with the complications in the contact system 
wing to the necessity for the 2 overhead wires, made 
t unlikely that this system would be chosen if the 
lectrification were extended beyond the mountain 
ection. After careful consideration the single-phase 
notor-generator type of locomotive was chosen as 
yeing best suited to meet all of the existing condi- 
ions. This locomotive embodies a combination of 
he most desirable features of both single-phase and 
l-c locomotives. The speed can be’ varied to any 
legree necessary to conform to either the train weight 
wr available power, or both; this type of locomotive 
hus is well adapted to operation as a helper to a 
team locomotive. For the extension planned, one 
louble-unit class 1 — D — 1+ 1 — D — 1 motor- 
renerator locomotive originally was ordered. 

Generators at the power house were of liberal 
lesign, having sufficient excess capacity over the 
vater-wheels to permit their operation single-phase. 
\vailable capacity at the power house was approxi- 
nately 4,000 kw. 


NEW TUNNEL AND FURTHER ELECTRIFICATION 


A few months after the equipment for this exten- 
ion had been ordered and before electrification had 
een completed, a decision was reached to construct a 
1ew tunnel 7.79 miles in length. The new route 
would leave the main line at Scenic on the west slope 
ind join it again at Berne on the east slope, thus sub- 
tituting 9.99 miles of new route for 17.67 miles of the 
yd route with advantages as indicated in Table I. 

The new line would remain below the elevation of 
1eaviest snowfall and would traverse a route less 
subject to drifts and slides than was the old route. 
Also a relocation of the line between Winton and 
-eshastin had been surveyed which would (1) avoid 
ome troublesome line in the Tumwater Canyon; 
2) reduce the maximum grade from 2.2 per cent to 
|.6 per cent, the maximum curve from 10° to 3°, and 
he total curvature 1,286°; and (3) shorten the line 
bout 1!/, miles. 

With these revisions of line in view and with a 
urther definite decision to electrify the entire line 
yetween Skykomish and Wenatchee and to leave off 
he steam locomotives between these points, the 
‘haracter of the service was so changed as to make it 
lesirable to consider some revision in the additional 
notive power required. Between Merritt and Wen- 
itchee over the new route, a distance of 42 miles, the 
ine would permit speeds of 50 mph safely, whereas 
he line between Skykomish and Cascade Tunnel did 
1ot permit speeds in excess of 30 to 35 mph; the new 
ocomotives (class 1 — D — 1+ 1-— D — 1) had 
veen designed accordingly with a maximum safe 
peed of 40 mph. With only 73 route miles electri- 
ied requiring so few locomotives, it was desirable to 
ave all locomotives interchangeable between pas- 
enger and freight service and that any locomotive be 
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1—C+C—1 10,500-volt 25-cycle locomotive 


Characteristic motoring curves of the 


operatable in the same train with any other locomo- 
tive. Regular passenger trains operated over the 
line varied from 8 to 12 cars, aggregating from 700 to 
1,000 trailing tons; freight trains ordinarily would 
range between 2,500 and 4,000 tons trailing. Grades 
range from 0.2 to 2.2 per cent, the average up grade 
for the line being approximately 1.29 per cent (see 
Eo52)s 


New LocomMorives DESIGNED 


To meet these new conditions, a new locomotive 
known as class 1 — C + C — 1 was proposed, per- 
tinent data for which are given in Table II in com- 
parison with the double unit locomotive (class 
1— D-—-1+1-—- D — 1) for the extension from 
Cascade Tunnel to Skykomish. 

Class 1 — C + C — 1 locomotives, designed par- 
ticularly for mixed service over the new line, will 
handle a 1,000-ton trailing train at 18.5 mph on 
the 2.2 per cent grade and up to about 45 mph on the 
0.2 per cent, averaging over the entire up grade por- 
tion about 28.6 mph, the average output of the 
motors being approximately 2,100 kw and the rated 
load factor, 84 per cent. On the down grades the 
speed is limited to a maximum of 50 mph. Re- 
generative features of the locomotive provide satis- 
factory control of the speed on the varying down 
grades to meet any conditions imposed by curvature, 
track conditions, or schedule requirements. Figs. 3 
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Heavy curves are notches, first figure representing 
braking handle notch and the figure in parentheses 
ae D the main handle notch. The top !6 curves show braking 
ey range for 241 or highest speed position of main handle. 
48 4 For each other main handle notch a similar family of 
curves is available. The heaviest braking curve for 
each of these sets (I6™ braking handle notch) is shown 
below. 
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Fig. 4. Characteristic braking curves of the 
1—C+C—1 10,500-volt 25-cycle locomotive 


and 4 give, respectively, the motoring and braking 
characteristics of this locomotive. 

Of the 1 — D + D — 1 locomotives 2 were placed 
in the Skykomish-Cascade tunnel service in March 
1927, 2 in the fall of 1928, and 1 early in 1929. The5d 
locomotives of this class thus have been in service for 
the equivalent of about 23 locomotive years. Two 
of the 1 — C + C — 1 locomotives were placed in the 
Skykomish-Cascade tunnel service in September 
1927, 2 others a year later and 4 were ordered in 
October 1929, 9 months after the complete electri- 
fication had been placed in operation. These loco- 
motives now have been in service about 2 years so 
that the 8 units of this class have been in service the 
equivalent of 25 locomotive years. 

Of this grand total of 48 locomotive years, approxi- 
mately 9 years were in the service between Skykomish 
and Cascade Tunnel as originally planned. This ser- 
vice consisted of helping the regular steam locomotive 
up the 2.2 per cent grade to the entrance of the tunnel, 
through which the grade was reduced to 1.695 per 
cent, making it possible to shut off the steam while in 
the tunnel. 

During 1927-1928, freight trains, ranging from 
2,500 to 3,500 tons trailing, were brought to Sky- 
komish by 2 steam locomotives. There, the rear 
steam locomotive was dropped off and replaced by 2 
electric locomotives, one ahead of the steam road 
engine and one in the rear of the train. In the begin- 
ning, the rear locomotive was put at the extreme ends 
of the trains, but later it was found to be safer to 
place the rear unit about half to two-thirds back in 
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the length of the train to prevent possible buckling of 
the train at some weak spot. These heavy freight — 
trains were taken from Skykomish to Cascade tunnel, 
25 miles, in 1°/, hours whereas with steam operation 
from 4 to 5 hours usually were required. On pas- 
senger trains, one electric locomotive was placed 
ahead of the steam locomotive to help propel the 
train, in accordance with requirements, to the en- 
trance of the tunnel through which the electric loco- 
motive hauled the train and engine unaided. This 
operation was begun in March 1927 and continued 
until the opening of the new tunnel January 12, 1929. 
Wenatchee being a division point, all engines and 
crews of both passenger and freight trains are 
changed on arrival there. On arrival of all trains at — 
Skykomish from the west, the engine crews shift from 
the steam locomotives to the electric and continue the _ 
trip to Wenatchee; all westbound engine crews 
similarly transfer from the electric to the steam loco-_ 
motives and continue to Seattle. : 


: 
if 


The first 10 days of electrical operation over the 
new route through the new tunnel was without serious — 
incident. On 2 occasions before the opening of the 
tunnel, there had been instances of arcing to ground 
from terminals of current transformers while loco-— 
motives were standing inside the new tunnel near 
the east portal. However, no serious damage 
resulted. . 

On one occasion in the old tunnel a transformer had_ 
been lost and an arcover at current transformer ter-_ 
minals on 2 locomotives had occurred in zero weather 
during the first winter after electrical operation be- 
gan there. A frequency changer set used in con-_ 
nection with the work on the new tunnel had burned 
out and other disturbances on the line had occurred 
on the same day, so it was thought these troubles 
were due to surges. Additional insulation was in- 
stalled on the terminals and transformers where the 
trouble seemed to have originated and.no further 
trouble occurred. Therefore when arcovers began 
to occur in the new tunnel, steps were taken imme-_ 
diately to have 3 surge recorders placed on the trolley. 
circuit, one at each end of the tunnel and one midway 
between. A fourth recorder was placed on a loco- 
motive running over the entire line. These had just 
been installed when sub-zero weather arrived and 
more serious troubles began. 

Within less than a week 4 locomotive transformers 
burned out and several arcovers occurred from _ 
terminals of current transformers to ground. In 
every instance, these troubles occurred on a loco- 
motive attached to a freight train westbound through 
the tunnel. No trouble was experienced on loco- 
motives hauling passenger trains nor on locomotives 
eastbound hauling freight trains. The loss of 4 out 
of a total of 14 main transformers within a week was 
alarming and even seriously threatened the possibility | 
of continuing to handle all of the traffic over the line 
electrically. 

The surge recorders were left on the circuit from 
3 to 4 weeks, during which time there were arcovers 
and burnouts of transformers. A careful examina- 


EARLY OPERATING TROUBLES IN NEW TUNNEL 
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on of all the records, however, failed to indicate that 
ere had been any surges registered higher than 
oout 2 times normal voltage. This being well 
ithin the limits ordinarily expected from necessary 
vitching operations, surges were eliminated from 
sponsibility for the trouble. 


ROUBLES DUE TO CONDENSATION 


When the temperature outside the tunnel was 
elow freezing, some signs of condensation had been 
oted on the outside of the locomotive cab and on the 
side near the air intakes. This condensation in- 
reased as the temperature outside approached zero. 
he east end of the new tunnel is at about 634 ft 
reater elevation than the west end and this, together 
ith the piston action of the moving trains, afforded 
atisfactory ventilation ordinarily, but it was found 
hat the temperature of the air in the tunnel near the 
1iddle varied only between 50 and 65 deg F irrespec- 
ive of the outside temperature (see Fig. 5). Since 
he draft was toward the east portal, the rise in tem- 
erature entering the tunnel from that end was much 
10re rapid than from the west end. To add to the 
ifficulties, the outside temperature on the east side 
f the mountain usually was lower than on the west 
ide. 

A locomotive starting from Wenatchee with normal 
entilation, when the outside temperature was below 
ero, would show little rise in temperature by the time 
- had reached the east portal of the tunnel so that 
mmediately after entering the tunnel and encounter- 
ag the much warmer air, frost began to collect on the 
utside of the cab and truck; within 2 or 3 minutes, 
he locomotive was coated thickly with frost crystals, 
he accumulation of which continued until the loco- 
1otive began to warm up when this frost would be- 
ome liquid and begin to drop off. The same action 
ook place inside the locomotive but to a lesser extent. 

At times, when the moisture precipitation was 
reatest, corona was observed on the 11-kv circuit, 
articularly at taped joints and terminals. It was 
o doubt the corona at the surface of the heavily 
aped terminals connecting the current transformers 
n the 11-kv circuit to the primary of the locomotive 
ransformer that caused the arcovers to ground at 
his point. 

The moisture condition was aggravated by the 
arge volume of air drawn into the locomotive by the 
lowers for cooling the electrical equipment. The 
utside temperature east of the tunnel varies from 
round 100 deg F in summer to 15 deg below zero 
uring winter, making it necessary to supply as 
auch as 40,000 cu ft of air per minute during the 
ottest weather. 

Experiences with other locomotives requiring much 
sss ventilating air had indicated conclusively that 
uring rain or snow storms dangerous quantities of 
10isture would be carried inside the locomotives by 
his large volume of air. To protect the electrical 
quipment from this danger the louvers for the 

— C — C — 1 locomotives had been provided at 
he factory with adjustable shutters by means of 
rhich the openings for air intake could be varied 
‘om fully open to fully closed. In order to insure 
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proper ventilation of the apparatus when the louvers 
were closed, dampers were placed in the outlets for 
the air from the apparatus to direct the air back into 
the locomotive for recirculation through the appara- 
tus, thus replacing the moisture-bearing air from the 
outside. 


TROUBLE CURED BY CLOSING VENTILATING LOUVERS 


While it had not been foreseen that there would be 
so great a variation between the temperature outside 
and inside the tunnel as to cause serious trouble, 
these provisions for closing the louvers and recircu- 
lating the inside air were readily applicable to over- 
coming this unexpected danger. By closing the 
louvers and adjusting the dampers at the beginning of 
a trip the air inside the locomotive was raised easily 
to a temperature so nearly approaching that of the 
air inside the tunnel as to prevent any harmful 
precipitation of moisture. When weather conditions 
are such as to require the closing of the louvers the 
temperature outside is never at a maximum so that 
recirculation of the inside air does not cause excessive 
heating of the apparatus. 

Since operation with closed louvers was begun, the 
electric locomotives have operated through 3 winters 
without any trouble from condensation. Moreover, 
this trouble from condensation is the only serious 
difficulty that has been experienced in the operation 
of the electrified line. 


Cost DATA AND COMPARISONS 


Motor-generator locomotives are well adapted to 
service where the freight trains may vary from 2,500 


Table II—Comparison Between the 2 Types of 
Motor-Generator Locomotives in Use 


Classification © i3.c.ctacnome tice ee 1—-C+C-1 1—D-1+41-+- D-1 
Total weight, lDicoc2: oak nee. 539,000 715,400 
Weight on drivers, lb............. 426,200... 550,000 
Nod offdriving axles. toy. .ct, sae 6 AAS 8 
Weight per driving axle, lb........ 71,030 68,750 
Weight on guiding axles, lb........ 112,800 165,400 
Weight per guiding axle, lb........ 56,400 41,350 
Length over couplers............. 73 ft. 9in 94 ft. 4in. 
Total wheel base. pki. wakes «(OS TRE Siin 78 ft. ll in. 
Rigidvwheel/base!jaet.. cw teme n 15 ft. 4in 16 ft. Qin. 
Height, pantograph down......... 15 ft. 3in 15 ft. 10 in. 


Noy tractionvmotorsy.niccer aie ces 6:8 Sek 8 


Tractive effort continuous rating, Ib. 60,500 88,500 
Tractive effort 30% adhesion, lb.... 127,860 ... 165,000 
Speed at continuous rating, mph... Sn One: : 15.5 
Maximum safe speed, mph........ 50s, 40 
Novtordered Soe ycmnraet secucrt esa Soe Sea 5 
Transformer, secondary volts...... 2,300 1,100 


Fig. 5. Curves 
showing _ typical 
temperature varia- 
tion in the new 
Cascade _ tunnel 
during near-zero 
weather 
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to 5,000 tons trailing and where it is desirable to limit 
the maximum power demand to the most economical 
point. However, the first cost of this locomotive and 
its weight per horsepower i is apt to be greater and its 
over- -all efficiency somewhat less than of other types. 
The maintenance cost of these locomotives during the 
3 years 1928-30 has been 28.66 cents per locomotive 
mile, or 13.65 cents per 100 tons on drivers. A 
comparison of these costs with those of 3 other elec- 
trified roads using locomotives in similar service with 
regenerative braking on heavy grades is as follows: 


Locomotive Per Loco- Per 100 Tons 
Miles motive Mile on Drivers 
Chicago, Milwaukee, St. P.& P....... 1,989,539). oa. 26 14 20652 sens 6.92c 
Norfolk Sa Westefner ccc on een 020,608) 2. a. AG Sorta lidOO 
WWirpuntarermn an ty ene eaten wet sme 1562.5 (4a ee AS A aan 12.26 
ECAC INOMEREMEL | ceicins oa totes tk ellen 937,492 28: 66o oie stb 13.65 


A direct comparison of operating expenses between 
steam and electric operation is impossible for the 
reason that the route now being operated electrically 
never has been operated by steam. Furthermore, 
the shortening of the route and the reduction of eleva- 
tion by the new tunnel have had important parts in 
reducing the operating expenses. 

However, early in 1920, a study of the old line was 
made with a view to electrification. In this study 
operating data and costs were carefully prepared 
covering 12 months ending September 30, 1919 for 
steam operation between Skykomish and Wenatchee 
through the old tunnel. These data are still avail- 


Table III—Comparison of Steam and Electric Operating Costs 


Difference 
Steam Electric Amount % of Steam 
Routes milesiier...cseccvace lan SO. Spies GD 3 8.8 
Locomotive miles........... 767,151.... 406,910.... 360,241.... 47.0 
LO00%ton miles. 525.4 2.4.2-, 490;000...- 408,108... 76,8922... £528 
Ee airinmatles i e,..s i000 ct <2 ore 607;000.... 292,930.... 314,070.... 51.7 
Costs— 
enginemett. o/s sf 055 0: $ 276,597....$ 80,049....$196,548.... 71.0 
EAC. Sau se ay 0. ale $75,819), | .=—_77,413... 7. 98,406... 56.0 
Fuel or power............  659,850.... 269,298.... 390,552.... 59.2 
Locomotive repairs....... 243,114.... 109;085.... 134,029)... 65.1 
Enginehouse............. 67,260..:. 22,885... 44,375.... 66.0 
Mabricants: 6 ie... oS. eta SjO2D sone 5,525, 5... =-2)2002. 24 » 6622 
Siip plies irate ricia 1 sxchorhayatane 3,414.... 1,648.... TAidlerem e Oo, 
Wire berettir cee oe en scoteh es 1S0S areas Ree 1,308.... 100.0 
Substatwonsinqne.. ces 5,543.... 5:99 bias | eS OD 8.2 
DDIStrLDUtOne. nue in 8,411.... 41,917....+38,506....1128.9 
ROCA RP vets: fad eacdaisteye iid cor $1,439,641... .$613,810....$825,831..... Sted 
Avg. cost per 1,000 ton miles..... . 2.968.. 1.504.. 1.464.. 49.3 
Avg. cost per train mile........... 2.372 2.095. . eee 0 llere 
Avg. tons per train, freight........ 1,882 . .3,021 hel oo ne 60K5 
Avg. tons per train, passenger..... 494 .. 568 Se he wou 
Avg. road time, freight........... 13.4 5.5 ie 59.0 
Avg. road time, passenger......... 4.1 2.8 1.3 ek 4, 
An guimph tirerghten- saya ss 6 6.0 12.9 6.9 .115.0 
Avg, mph, passenger. ih os. n eat 19.4 25.5 6.1 . 31,4 


PROPORTIONED BETWEEN FREIGHT AND PASSENGER SERVICE 


Steam Electric 
Freight Passenger Freight Passenger 
Locomotive miles........... 466,428.... 300,723.... 199,806.... 207,104 
MPrati MES hs sees ee ose ae 207,286.... 399,720.... 98,478.... 194,452 
TOO0OKonumilesse see ee 390,000.... 95,000.... 297,550.... 110,558 
Total cost, items affected... .$1,067,641....$372,000. ...$391,810... .$222,000 
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able for comparison with corresponding costs cover- 
ing the year, 1929, with electrical operation over the 
new line. Table III shows a comparison of those 
items of operating expense vitally affected by elec- 
trical operation for the 2 years mentioned. 

The total cost of the improvements involved in 
building the new line and the electrification was, in 
round numbers, $25,500,000 made up as follows: 

(27(9miles tunnel completes aoe eee ere $14,000,000 


LO smiles new tracks: A See. a eat ences 5,000,000 
73. milesielectrificationss «a oe eee 00 000) 


Segregated costs of the electrification were approxi- 
mately as shown in Table IV. 

In reviewing the study made in 1920 relative to the 
electrification of the old line for comparison with the 
present electrification, it was interesting to find an 
estimate of the cost of the proposed electrification of 
80 miles of line between Leavenworth and Gold Bar 
through the old tunnel and which would require the 
same electrical equipment as the present electrifica- 
tion. The estimated cost of the complete electrifica- 
tion at that time was $6,463,750, or $80,800 per route 
mile; of this amount, $3,250,000 or 50.28 per cent, 
was for electric locomotives. Savings from electrical 


Table IV—lItemized Cost of the Skykomish-Wenatchee 


: 

Electrification * | 

Per Cent of Total 
Less With 

Per Route Loco- Loco- 

Amount Mile motives motives — 

a 

4 
Substations, €te. 00.00. oe une nea Ol, 062,611. BM 33.63... 16°21 
Transmission system... ...0. 2.2%. 531,967... gS ts LO CO ee Sails 
Power distributions. ces o panes 368,040 5,042... 11.56.45. 5.62 
Poles‘and fixtures 7.00 a, ee 567,265 Uebtliws Li. lees 266 
Telephone and telegraph changes. . 157,440 25157 ....5 ‘42945227 2254a@ 
Signals and interlocks............ 155,970 2,136... 4.90..: 2.38 
Shops, machinery, tools........... 138,357... L895- 406 eee 
Engineering sacgs ooo seekers 203,512. . 278854 16539" sa nowe 
Total less locomotives............ $3,185,162. . “$43. 632...100.00... 48.60 
Locomotives cs: k ants poe a $3,368,338... $46, vee ae oo 0194 
ROGAN walt Nedsg eee eo Oe eee $6,553,500. .. $89,773... ...100.00 


* $174,604 credit deducted for 14 miles of electrified line abandonetil, Route. 
miles 73; track miles 91. : 


operation estimated for items affected were $639,703. 

While a large portion of the savings shown in 
Table III favorable to electrical operation is due to 
the new tunnel, this improvement would not have 
been practical without electrical operation. The 
decision to build the tunnel was reached only after a 
careful report had been prepared which indicated 
that interest on the capital charge would be covered 
easily by the saving in like charges for new snow shed 
construction and in maintenance charges for these 
sheds in the future, thus putting the investment for 
the new tunnel on a self-supporting basis. 

Saving in operating expense shown in Table III is 
equal to 12.63 per cent on the gross cost of the electri- 
fication which, together with the shortened time and 
other improvements in the service, makes the electri- 
fication a favorable investment with a normal volume 
of traffic. The electrical equipment is easily capable 
of handling an increase of 50 per cent in the freight 
traffic and with such an increase, the saving in| 
operating expenses would be in about the same pro- 
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ortion, making the return on the gross investment 
r electrification approximately 18 per cent. 

Capacity of this portion of the line which, with a 
mngestion of traffic, undoubtedly would become the 
ottle neck of the system with steam operation has 
een increased 100 per cent as is indicated by the 
cords. These records show that whereas with 
eam operation in 1920, 3 steam locomotives aver- 


aged approximately 6 hours to take a 2,250-ton train 
the 24.3 miles from Skykomish to the old summit, in 
1929 2 electric locomotives averaged about 11/, hours 
to take a 5,000-ton train the 21.2 miles from Sky- 
komish to the new summit. In ton miles per train 
hour, this is 70,666 for the electric as against 9,112 for 
steam, a ratio of 7.7 to | in favor of electrical opera- 
tion. 


Jistribution System Lightning Protection; 


nterconnection of Primary Arrrester Ground and Secondary Neutral 


Although distribution transformers have 
high impulse strength compared to their 
normal voltage ratings, they still flash over 
and fail in service even when protected by 
arresters. Interconnecting the ground lead 
of the primary arrester with the transformer 
secondary neutral limits the voltage across 
the transformer insulation to that permitted 
by the arrester alone, and introduces no 
additional hazard on the low voltage 
circuit where secondary neutral ground 
resistances are low. This is the first group 
of articles dealing with the subject of pro- 
tecting distribution systems from lightning; 
articles dealing with other phases of the 
problem will appear subsequently in 
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ae ING SURGES in ordinary 
rban distribution circuits manifest themselves in a 
lanner somewhat different from that of those 
ccurring on high voltage transmission lines. In the 
istribution circuit the arrester spacing usually is 
uch that the distance traveled by the voltage wave 
rill be short, the crest voltage appearing on the line 
ill be limited, and the surge will manifest itself as 
urrent through one or more arresters. The current 
rave, both as regards magnitude and shape, is 
etermined largely by the lightning stroke and but 
ttle by the characteristics of the distribution cir- 
uits. On rural lines the exposure between arresters 
smuch greater, so that in addition to surges originat- 
ig near the arrester there are surges arriving over a 
ngth of line. Crest voltages of these surges are 
mited by the line insulation. 
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Experience has shown that although failures of 
distribution transformers and the blowing of fuses 
during lightning storms are reduced greatly by the 
application of lightning arresters, the record of 
protection is not so good as the strength of the 
transformer and performance data of the arrester 
would indicate it should be. In general, the ratio 
between the strength of the transformer insulation 
and the voltage allowed by the arrester is not far 
from 4 to 1. With such a large margin, failures of 
transformers or fuse blowing due to lightning should 
be practically eliminated except in the case of a direct 
stroke at the transformer location, a relatively in- 
frequent source of trouble. 

Protection now commonly employed for distri- 
bution transformers provides for phase and neutral 
arresters on the primary side of the transformer. 
With few exceptions these arresters are connected to 
a common ground lead which in turn is connected to 
a driven ground rod at the base of the pole. This 
arrangement is based upon the supposition that 
lightning surges entering over the primary conductors 
would pass to ground, and that the arrester would 
hold the primary winding to a potential equal to the 
arrester discharge voltage. Unhappily, this condi- 
tion does not hold in practice because arrester ground 
resistances are not zero, but may be as high as several 
hundred ohms. Furthermore, the exposure of secon- 
dary circuits in urban districts may exceed by far 
the exposure of primary circuits there; hence 
lightning surges frequently enter on the secondary 
conductors when primary arresters connected in ac- 
cordance with present practise are not in position 
to be of service. 

From the foregoing it is clear that several factors 
may prevent the primary arresters from properly 
protecting the distribution circuits. Connecting the 
arrester ground to the grounded secondary neutral, 
however, appears to eliminate many of the disturbing 
factors. With such a connection the voltage be- 
tween the transformer windings under impulse 
conditions will not exceed the potential allowed by 


633 


the arrester; this potential is low enough for trans- 
former failures from bushing flashovers to be prac- 
tically eliminated. With this idea in mind several 
investigations have been conducted in various parts 
of the country; 3 of these are covered in the following 


3 articles. The first, by Opsahl, Brooks, and South- 
gate, includes a theoretical study and laboratory 


tests made to determine the effectiveness of inter- 
connecting in different ways the primary arrester 
ground and the secondary neutral. The second 
article, by Harding and Sprague, covers tests made 
on an experimental line built in accordance with 
standard construction practise of the Common- 
wealth Edison Company of Chicago. The third 
article, by McEachron and Saxon, describes tests 
made on an actual distribution line built to serve a 
small rural community in central New York. 

From the investigations conducted, the informa- 
tion presented in these articles indicates that much 
greater protection to distribution transformers is 
effected through interconnecting the primary arrester 
ground with the grounded secondary neutral than 
through present protection schemes. Further, it is 
shown that this interconnection introduces no 
additional hazard in the low voltage circuit except 
where the secondary neutral ground resistance is 
high. 


I—Theoretical Studies 
and Laboratory Tests 


By 
A. M. OPSAHL Westinghouse Elec. & 
ASSOCIATE A.I-E.E. Mfg. Co., E. Pittsburgh, Pa. 
A. S. BROOKES 
ASSOCIATE A.1.E.E. 

Both of 
R. N. SOUTHGATE Pub. Serv. Elec. & 
ASSOCIATE A.I.E.E. Gas Co., Newerk, N. J, 


Le show that when a surge is 
applied to the primary of a distribution transformer 
that has a secondary ground, the isolated case will 
assume a low electrostatic potential above ground so 
that about from 80 to 95 per cent of the surge voltage 
will appear from primary lead to case. For sim- 
plicity in the considerations that follow, it will be 
assumed that the case potential under these condi- 
tions is the same as that of the secondary neutral. 

Potential across a transformer when a surge is 
applied, as shown in Fig. 1, is the total of 3 com- 


Based upon “Lightning Protection for Distribution Transformers’ (No. 32-18) 
presented at the A.I.E.E. winter convention, New York, N. Y., Jan. 25-29, 
1932. 
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Fig. 1. 
of a distribution transformer protected in accord- | 
ance with present practise ) 


Lightning surge voltage across the bushings 


ponents: the JR drop across the ground, the induc- 
tive drop across the ground lead, and the voltage 
across the arrester. The JR drop across the ground 
is proportional to the current in the surge, while the 
drop across the lead is proportional to the rate of 
rise of current. For anticipated surge currents the 
voltage across the ground alone can exceed the volt- 
age. across the arrester, unless the ground resistance 
is very low. 

With present methods of installation, voltages 
appearing across the primary bushings often are 
great enough to cause flashovers; the completed patil 
for the surge current to ground usually is over the 
secondary bushings. The usual sequence of events” 
during a flashover and the voltages which occur are 
shown in Fig. 2. Primary bushing flashover takes” 
place at a time t,, and secondary bushing flashover 
almost simultaneously at a time t,. If the trans- 
former be connected to the power circuit the flashover 
path will carry the power arc until the primary fuse 
opens the circuit. In service this is the path over 
which the are burns usually are found. Under these 
conditions both the surge current and the power 
follow current flow through the secondary neutral 
ground, but operating experience indicates no serious 
trouble on the customer’s property. 


INTERCONNECTION OF PRIMARY ARRESTER 
GROUND AND SECONDARY NEUTRAL 


By interconnecting at the transformer the arrester 
ground and the transformer secondary neutral, the 
potential difference across the primary bushings of 
the transformer will be limited to the voltage per- 
mitted by the arrester alone during a discharge, in 
accordance with the prior assumption that the 
secondary neutral and case remain at the same po- 
tential. In Fig. 3 is shown the effect of this inter 
connection where the assumed secondary neutral 
impedance to ground is small. Whether this secon- 
dary impedance be low or high, the potential across 
the primary bushing will not be greater than that 
permitted by the arrester alone. Under these condi-. 
tions the transformer will not flash over and there 
will be no power current flowing from the primary 
circuit into the secondary neutral. Whatever im- 
pedance drop there is from the surge current flowing 
in the secondary neutral of course will appear as 
voltage in that circuit. 

If a solid connection is not permissible between the 
secondary neutral and the ground terminal of the 
primary arrester, a gap or valve arrester of low 
voltage rating may be placed in the interconnection 
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s shown in Fig. 4a. This arrester will begin passing 
urrent when the voltage across the ground lead 
ecomes great enough to discharge the arrester. 
n this case the voltage across the primary bushing 
the sum of the voltages appearing across the pri- 
lary and interconnecting arresters as shown in 
ig. 48. This connection will isolate effectively the 
rrester ground and the secondary neutral, as there 
no potential difference between them except during 
surge discharge. 

A second method of obtaining the improved pro- 
ection afforded by the interconnection without 
onnecting a solid conductor between the arrester 
round and the secondary neutral, is that shown in 
ig. 5. Where the effective leakage reactance 
etween the 2 halves of the secondary winding is 


Fig. 2. Voltage-time relation as a flashover occurs 
on a distribution transformer from a surge applied to 
the primary 


Fig. 3. 
primary arrester ground 
secondary neutral; surge applied to primary 


Voltage across transformer bushings with 
lead interconnected to 


mall, the surge current in flowing as indicated will 
sult in a low voltage across the winding as the 
1agnetic effects of the 2 currents are in opposition. 
This circuit was proposed by C. B. Wright of the 
Juquesne Light Company (Pittsburgh, Pa.) and has 
nown very promising results in laboratory tests. 
At present the safety code in most localities forbids 
1e interconnection of the primary arrester and the 
scondary neutral grounds. This regulation was 
lade in recognition of the fact that when a surge 
irrent flows through a ground a surge voltage 
ppears across it. The driven grounds which were 
ssumed when the regulation was adopted usually 
ave a much higher resistance than the water pipe 
rounds ordinarily used at the present time. 


IMITATIONS OF THE INTERCONNECTION 


Where both primary arrester and secondary 
eutral grounds are driven grounds, as in the case of 
rural customer, the interconnection can prevent 
ashover across the transformer insulation, but an 
ppreciable surge voltage may appear from secondary 
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to ground. This condition is less serious than per- 
mitting a power fault in the secondary circuit, but 
the resistance of both grounds should be made as low 
as possible so that the surge [RK drop may be low. 

The ungrounded secondary is not common practise 
in distribution circuits; where it is used, a surge on 
the transformer primary will give the secondary 
circuit a potential above ground and the smaller the 
capacity of the secondary to ground, the greater 
will be its potential. Obviously an interconnection 
of a poor primary ground with the free secondary 
will not lower the voltage across the arrester ground 
appreciably, and flashovers from secondary to 
ground would be expected. 


TESTS ON A TYPICAL DISTRIBUTION CIRCUIT 


To determine the magnitude of the effects required 
to cause flashovers similar to those that have oc- 
curred in service, a program of tests was carried 
through. A diagram of the test circuit is shown in 
Fig. 6. The distribution transformer shown was 
mounted on a 35-ft pole. A ground lead was pro- 
vided down the pole and in order to obtain low 
ground resistance, 2 ground rods were driven at the 
foot of the pole. The secondary wires were racked 
for about 140 ft. From the transformer pole and 
from the end of the secondary rack triplex services 
were run to a point on the ground where the neutral 
wires were solidly grounded. One wire of each 
triplex service was left open, as indicated in Fig. 6 
by “‘open service.’ One service wire and the neutral 
from each service were connected to a 100-ft section 
of 2-conductor metal-armored BX cable, both ends 
of the armor being grounded. The 2 sections of 
BX cable were connected to the same 2 secondary 
wires. 

In the tests as made, flashovers were necessary in 
order to simulate conditions that obtain in practise. 


3; Valve Arrester 


Fig. 4. Surge voltages across transformer bushings 

with primary arrester ground connected to secondary 

neutral through low voltage arrester; surge applied 
to primary 


Fig. 5. Primary arrester ground connected to trans- 
former secondary leads through secondary arresters; 
surge applied to primary 
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To secure consistent flashovers, gaps were placed 
around the primary and secondary bushings as 
shown in Fig. 21. A 500-ohm resistor was connected 
between the primary neutral and ground to simulate 
the effect of an uncharged conductor. 

Arresters used in these tests were 3-kv auto- 
valve arresters of the disk and mica spacer type. 
This type of arrester was selected rather than the 
porous block type because many of them are in service 
and because the tests were laid out to duplicate service 
conditions as closely as possible. Upon test, this type 
of arrester was found to have a maximum crest voltage 
of 15 kv across its terminals during a surge discharge 
of 800 amp. 

Most of the oscillograms have been replotted to 
the same scale to show more readily the relative 
voltage-time values; a few of these are shown in 
Figs. 7 to 12, inclusive. Crest voltages measured at 
certain points for the various circuit connections and 
for each of the 2 types of impulse wave used are 
given in Table I. 

Voltages at the transformer were measured by 
means of a cathode ray oscillograph connected to a 
1,070-ohm resistance potentiometer through a delay 
cable. Voltages at the secondary service terminals 
were measured by a 5,100-ohm resistance potentiom- 
eter. These potentiometers of course have some 
effect on the surge voltages. 


EFFECT OF THE GROUND LEAD ON PROTECTION 


To show the effect of the inductance of the arrester 
ground lead on the voltage appearing across the 
primary bushing, 2 rates of current rise were selected. 
The “‘slow” rate of current rise was produced by 
introducing the 400-microhenry inductance into 
the circuit of the surge generator (Fig. 6). The 
steep front surge rose to a maximum of 1,200 amp 
in 2 microseconds, while the slow front surge rose to 
900 amp in 9 microseconds. Successive test surges 
were found to be practically identical. 

With the surge generator set to give a current 


636 


Pot. 


Open C. so . 
Service Pot. = = 
#2 ~~ Sta. Gnd. —7 

5100 ~ 

Pot. Sec. Test 

C.R. 0. 

= ~«— Sta. Gnd. —» — 
40 
Arr.+ Ground 
[ze ——— | 


ay aia 


w 
oO 


— 


[EAs 
N 


|- Ground Only 
aoe 


= 


De) 
oO 


wr 
(=) 


CARRE Oolimkey, 


SEC. 
ne ra ON 4 re eee | See eee 12 
of Sa 


10 


Fig. 7. Voltages measured in circuit of Fig. 6 with 
steep front surge of reduced magnitude 


The gaps may have flashed accidentally during the oscillo- 
graphic measurement of the voltage across the arrester lead 
plus ground, since the lack of sustained voltage seems incom- 
patible with the given values of current and ground resistance, 
and also because the difference between the arrester-plus- 
ground and the arrester-lead-plus-ground voltages is greater 
than the arrester voltage, 15 kv. This curve is almost identical 
with the corresponding curve in Fig. 9 


wave of fast front and a crest of slightly less than | 


1,200 amp in order to prevent flashover of the 


transformer gaps, the oscillograms shown in Fig. 7_ 


were taken. In Fig. 8 are plotted oscillograms 
obtained using the slow front surge with no gap 
flashovers and with standard connections. Crest 
voltages for these tests are listed in Table I. These 
tests indicate that after an initial disturbance 
determined by the surge impedance of the ground 


lead, the voltage across the ground lead is determined | 


by the lead inductance and the rate of change of 
current. The initial disturbance is due in part to 
the type of surge circuit used. 

At the 1,200-amp surge generator setting the 
transformer gaps flashed over at 50 kv from line to 
ground; in Fig. 9 are plotted voltage oscillograms so 
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btained. As before, the crest voltages are listed in 
able I. The voltage across open service No. 2 was 
3 kv compared to 24 kv across BX No. 2, showing 
1e attenuating effect of the BX cable on the surge. 


‘ESTS WITH ARRESTER GROUND 
AND SECONDARY NEUTRAL INTERCONNECTED 


In Fig. 10 are plotted oscillograms taken when the 
rrester ground terminal and secondary neutral were 
iterconnected. No gap flashovers took place. As 
1ay be seen, the difference in potential between the 
hase lead and the secondary neutral does not exceed 


15 kv, the voltage permitted by the arrester alone. 
A comparison of columns 3 and 4 of Table I indicates 
that the crest secondary voltages are about the same 
with the interconnection as they are during a flash- 
over of the transformer gaps without the inter- 
connection. 

The extreme case of high arrester ground resistance 
is that of no ground at all. Obviously with no 
ground the arrester could not discharge and any 
surge above 50-kv crest would flash over the trans- 
former gaps. Under such conditions, protection 
for the transformer can be obtained by connecting 
the arrester ground terminal to the secondary neu- 
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Surge voltages 
measured in the 
circuit of Fig. 6. 


Fig. 8 A and B. 
(Left) Slow front 
surge with no 
transformer gap 
flashovers 


Fig. 10. (Right) 
Steep front surge 
with arrester 
ground and 
secondary neutral 
interconnected; 
no __ transformer 
gap flashovers 


Fig. 9 A and B. 

(Left) Steep front 

surge with trans- 

former gaps flash- 
ing over 


Fig. 11. (Right) 
Steep front surge 
with primary 
arresters not 
grounded at the 
transformer but 
connected to 
secondary neutral 
only; no trans- 
former gap Fflash- 
overs 


Fig. 12. (Right) 
Slow front surge 
with primary 
arresters not 
grounded at the 
transformer but 
connected to 
secondary neutral; 
no __ transformer 
gap flashovers 
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Table I—Crest Voltage Measurements 


Steep Front Surge 


Slow Front Surge 


Column 1 2 3 4 


5 6 Wf 8 


Standard Connection 


Arr. Ground and 


Arrester Ground Standard Arrester Ground Arrester 


Point of Voltage Secondary Neutral to Secondary Connection to Secondary Grounded 
Measurement* Gaps Not Flashing Gaps Flashing Interconnected Neutral Only Gaps Not Flashing Neutral Only as in Fig. 5 
Arrester plus ground....... SRA Vie, ote a ee aa SOEs esieee pee ce ALP AONE N vy Wrote RR ete OD VIN Ae aa er EON Ms cadunenter dia See ene ee oe +21 kv. 
Arrester ground lead....... ED Seema peek Dae AB Gs eos ee ces yw tPA ast dig Wate RG: ost cup at ch ad De eine ea eee a +12 “ 
RUTANS: SCOsHeULLAl Winn ae niead ws. Comite recast ce ican ee ae chee et te er oS ie cclany sed AUR touch aiey cae +43 
Opentoervice NOmWee ease Os. sees cae edi Ph eae re. ee, wae DO iran nantes sheet SSO Sick iat Mee vs Ae + 3 
TES INC Doce ae alae eds oh ee = TO Ree ee Oi eRe oN D pohly x ae ahs Et SLO ane cro viet FD Bigatti a ee eR a oes ee ere ReneS eo +14 
Open Service No. 2 Se eee epee Sens Ses eee tee SE ee ees ocaae ee Sp rea: eet ete + 4 
IBEXC INGOs 2h es es ce ees cole (3 OMEN Fen ad See SOAS ED Ehren SS Se cus naan tems FP OOn beg de he Rae aes aD hige tine tees ees So LOM ads oh a3 Rie ee +19 
Oscillograms plotted...... Piginad satin cor aes ste ome Prete On Aes wa eer Kiet RO 2 Bie tesa Pie dibs tvs eae ee Pie S eee ee eee Hae Bigicl 2 2h ee oer — 


* All voltage measurements were made by resistance potentiometers and cathode ray oscillographs. 


tral. To investigate this the circuit of Fig. 6 was 
modified by connecting the ground terminals of the 
primary arresters to the secondary neutral only. 
Under such conditions the full surge current flows to 
ground through the transformer secondary neutral 
wire. Figs. 11 and 12, respectively, show the voltages 
measured with steep front and slow front surges. 
In neither case did the transformer gaps flash over, 
as the voltage across the transformer bushings was 
limited by the arrester to about 15 kv. The maxi- 
mum voltage to ground with the fast surge was 60 kv, 
which was considerably above the gap flashover 
voltage. 

_A test was made to investigate the effects of the 
indirect interconnection of the secondary neutral and 
arrester ground, using the circuit shown in Fig. 5 
except that the separate arrester ground was omitted 
so that the only path for the arrester surge current 
was through the secondary arresters, secondary 
windings, and secondary neutral to ground. Crest 
voltages for this test are shown in Table I column 8. 
A comparison of columns 7 and 8 of Table I shows 
that the leakage reactance between the 2 secondary 
windings of this transformer evidently was high 
enough to increase the voltage appearing across the 
service wires. This same circuit was tested with the 
steep-front surge. The voltage was sufficiently 
great to cause a flashover in the BX cable, so no 
measurement was made; however, no flashover 
occurred on the transformer gaps. 


SURGE VOLTAGES APPEARING ON THE SECONDARY 


A surge voltage impressed across the primary of a 
distribution transformer will induce a voltage across 
the secondary; this voltage has a duration about the 
same as that of the primary voltage. A rapidly 
changing surge current passing to ground over the 
secondary neutral produces an oscillatory voltage 
between the outside wires and ground at the service 
terminals, the maximum value of which is about the 
same as that of the transformer neutral to ground at 
the transformer. However, the voltage on the BX 
cable (Fig. 6) is lower than that.on the corresponding 
open service; and the voltage on the more distant 
service, No. 2, is greater than that on service No. 1. 

Voltages appearing at the services when the 
arrester ground and secondary neutral are inter- 
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connected are about the same as those appearing 
when a steep-front surge causes the transformer gaps 
to flash over due to the inductive drop in the arrester 
ground lead. 

Secondary voltages with the arrester ground and 
secondary neutral interconnected, though of short 
duration, appear to be of rather high magnitude. 
While the secondary voltages with this circuit may 
be compared with corresponding voltages on the 
other circuits tested, it should be noted that the 
length of racked secondary was short as compared 


with lengths usually found in practise, and that 


voltages on an actual distribution system probably 
will be lower. Voltages of the relative magnitudes 


tabulated in column 3 of Table I appear now without 


serious effect for transformer flashovers where 


the ground resistance is low. 
CONCLUSIONS 


Tests show that when a transformer is subjected 
to a lightning surge the case will assume a potential 
of about 10 per cent of that appearing between the 
primary leads and secondary neutral. Neglecting 
the potential of the case the voltage across the 
transformer bushings is the sum of the voltages 
across the arrester, the arrester ground lead, and the 
arrester ground resistance. With a surge of steep 
front the inductive voltage across the ground lead 
alone may exceed the arrester voltage. Remedial 
steps which can be taken are limited to a reduction of 
the arrester ground resistance and of the inductive 
drop across the ground lead. Practical application 
of these measures is limited by field conditions. 

Improved protection of a distribution transformer 
may be secured by any one of several methods of 
connecting the arrester ground lead to the secondary 
circuit. The following methods will limit the surge 
voltage across the bushings to approximately the 
characteristic crest voltage of the primary arrester, 
but will differ in resulting secondary voltages: 

1. Direct connection of a low resistance primary arrester ground 
to a grounded secondary neutral produces no higher voltages at 


the customer’s service than are experienced when flashover occurs 
with present protection schemes. 


2. Direct connection of a high resistance primary arrester ground 
to a grounded secondary neutral results in higher surge voltages 
appearing on the customer’s leads than when the ground resistance 
is low. 


8. Connecting the primary arrester ground to the secondary neutral 
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irough a low voltage arrester gives substantially the same results 
s the direct connection. 


_ Connecting the primary arrester ground to the secondary outside 
ires through 2 low voltage arresters results in increased surge volt- 
ze at the service 


I— Tests on a 


Typical Urban Circuit 


By 
C. FRANCIS HARDING C. S. SPRAGUE 


FELLOW A.I.E.E. ASSOCIATE A.ILE.E. 


Both of Purdue University, Lafayette, Ind. 


Unxner a cooperative arrangement 
vith the Utilities Research Commission of Chicago, 
he engineering experiment station at Purdue Uni- 
ersity has been conducting an investigation of surge 
rotection for distribution circuits. Many of the 
ests have involved the interconnection of the pri- 
nary lightning arrester ground and the grounded 
eutral of the secondary main; it is this phase of the 
york which will be treated in this article. 

After some preliminary work, a 5-span distribution 
ine was constructed, over which was supported an 
nsulated artificial cloud for the purpose of inducing 
urge potentials in the distribution system. The 
listribution line was of the double-crossarm wood- 
ole type with 4 4,000-volt primaries on the upper 
rm and 6 secondaries on the lower arm, the latter 
omprising a 3-phase, 230-volt power circuit and a 
ingle-phase 115/230-volt lighting circuit (see Fig. 
5). The line was built in accordance with the 
tandard construction practise of the Common- 
vealth Edison Company of Chicago. A bank of 
distribution transformers and a customer’s service 
vere included in the distribution system but were not 
onnected to any 60-cycle supply. Circuit grounds 
vere made on the customer’s service and on the 
istribution system as in standard practise. (See 
‘ig. 13 for circuit diagram. ) 


-OTENTIALS INDUCED ON LINE WIRES 


The cloud normally was held at ground potential 
y means of a high resistance leak. At definite 
atervals a surge generator was made to discharge 
ato the cloud, thereby causing a sudden change in 
loud potential with consequent induced voltages in 
he distribution system. These induced voltages 
rere measured by a sphere gap at the transformers 
nd at the customer’s service entrance. 


ased upon ‘‘Interconnection of Primary Lightning Arrester Ground and the 
rounded Neutral of the Secondary Main”’ (No. 32-16) presented at the A.I.E.E. 
inter convention, New York, N. Y., Jan. 25-29, 1932. 
LECTRICAL ENGINEERING and brought up to date. 
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A series of tests was made in which the induced 
voltages to ground were measured as the distribution 
system was built up step-by-step, that is, by starting 
with the wires only and adding the circuit grounds, 
arresters, transformer windings, etc., until the system 
was complete. In Fig. 14 is shown graphically the 
change in the magnitude of induced voltages during 
this procedure, and also the system voltages with 
and without the interconnection of the secondary 
neutral to the primary arrester ground. 

In general, Fig. 14 is self-explanatory, but it 1s 
desired to call attention to some of the more interest- 
ing changes in the induced voltages and their causes. 
As noted in the legend, the first vertical line of each 
group represents the induced voltages on that par- 
ticular wire with no grounds or connected apparatus. 
Potentials induced on the primary wires (between 
wires 1 and 4 and ground) were approximately 90 
kv; on the secondary wires (between wires 5, 8, 9, 
and ground) approximately 75 kv. (See Fig. 15 
for positions of wires on crossarms.) In test 2 of 
each group, wire No. 9 (secondary neutral) was 
connected to a driven pipe ground of approximately 
15 ohms resistance, one span distant from the 
transformer bank. Aside from the reduction in 
voltage on wire No. 9, itself, it is interesting to note 
the reduction on wires 4 and 8, adjacent to wire No. 9. 

Test 3 of each group indicates the voltages with 
the further addition of primary phase and neutral 
arresters. As would be expected, there was a 
marked decrease in the potentials of all primary 
wires. There occurred also a decided reduction in 
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Fig. 13. Circuit diagram of experimental distribu- 
tion system and artificial cloud 


the potentials of the secondary wires (wires 5, 8, 9) 
due to the shielding effect of the primary wires after 
the arresters had broken down. This is particularly 
significant and important for it indicates that in the 
field a well protected primary system provides 
considerable protection for secondaries located below 
the primaries. 

In Test 4, connecting the transformer. primary 
windings caused but slight reduction in induced 
potentials, showing that the primary winding pre- 
sents a relatively high impedance to the surge. With 
transformers, house-wiring circuit, and all grounds 
connected to the circuit, as in Fig. 13, voltages to 
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Arrangement of artificial cloud and line wires 


ground on the power and lighting secondaries and 
on the primary neutral were of the order of 20 to 
25 kv while those between the primary phase wires 
and ground were of the order of 30 to 35 kv. 


POTENTIALS INDUCED IN TRANSFORMER WINDINGS 


With regard to voltages across transformer wind- 
ings it was determined that for a single-phase lighting 
transformer with its secondary neutral grounded, the 
voltage across the secondary winding was approxi- 
mately 5 to 15 per cent of that across the primary 
winding. With 3-phase 230-volt A-connected power 
secondary windings having the midpoint of one 
winding grounded to the lighting secondary neutral, 
it was determined that the voltages across the secon- 
dary coils were approximately 20 to 80 per cent of 
those across the primary windings. In both cases 
the induced potentials overstress the secondary 
insulation without exceeding the safe limit on the 
primary insulation. A solution of this difficulty is 
of course to increase the insulation of the secondary 
winding. In so doing, however, capacitances be- 
tween primary, secondary, and core will be changed; 
therefore consideration should be given to the re- 
distribution of potentials resulting therefrom. These 
are relatively inexpensive additions to the design and 
construction of the transformer. 
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r Test 3—Same as 2 with primary arresters connected 
70} Test 4—Same as 3 with primary windings connected 
| Test 5—Same as 4 with secondary windings connected 
| Test 6—Same as 5 with house circuit connected, but 
607 no load in house circuit 
L Test 7—Same as 6 but 6 25-watt lamps on in house 
Test 8—Same as 7 but 6 100-watt lamps on in house 
ai A indicates secondary neutral not connected to primary 
lightning arrester ground 
40} B indicates secondary neutral connected to primary — 
iL lightning arrester ground at transformer 
30 }- t 
20 ¢ 
Fig. 14. Induced 
10} voltages to ground 
| on distribution wires 
0 : with apparatus con- 
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Test 1—No apparatus or grounds connected but each 
wire grounded through high resistance 

Test 29—Same as 1 with secondary neutral sroungtg 
one pole distant from transformer bank 


gas nected to system in- 
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creased by steps 

In the preceding group of tests interconnecting the 
secondary neutral and the lightning arrester ground 
caused, in general, approximately 5 per cent decrease 
in magnitude of the induced voltages to ground. 
The tests indicated, however, that the effect of this 
connection depends to a large extent upon such 
factors as the steepness of wave front of the surge, 
and time lag of the primary arresters; hence, under 
the test conditions of induced potentials and arrester 
currents of small magnitudes, it cannot be said that 
this connection always is beneficial. 


Tests WiTH DIFFERENT GROUND RESISTANCES 


Induced voltages measured at the transformers and 
at the service entrance under various conditions of 
ground resistance are shown graphically in Figs. 16 
and 17. Tests were made both with and without 
interconnection of the secondary neutral to the 
primary lightning arrester ground. In several in- 
stances the interconnection caused a marked de- 
crease in the voltage between primary phase v wire 
and secondary ground. 

Field investigations have demonstrated that many 
transformer failures and blown fuses have been 
caused by flashover from a primary phase lead to the 
transformer case and thence to the secondary neu- 
tral. In fact, operating companies have reported 
that in about */, of the transformer failures on 
distribution systems due to lightning, the damage 
involved both the primary and secondary windings. 

Measurements of induced voltages between pri- 
mary phase lead and secondary neutral have shown 
that the interconnection of the secondary neutral 
with the lightning arrester ground in general is 
beneficial to the transformer. In particular, with 
a low resistance secondary neutral ground and a high 
resistance lightning arrester ground, the inter- 
connection reduced this voltage by 30 to 50 per cent. 
(See Fig. 17, set 2.) With no interconnection and 
with a high resistance secondary neutral ground and 
low resistance lightning arrester ground, the voltage 
between primary phase lead and secondary winding 
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Secondary neutral ground one span from transformer pole 


vas somewhat reduced at the expense of an increased 
oltage across the high resistance secondary neutral 
round. By making the interconnection and thereby 
onnecting the low resistance lightning arrester 
round in parallel with the high resistance secondary 
round, there was a redistribution of voltage so that 
he potential between primary phase lead and 
econdary neutral was approximately the same as 
vhen using the interconnection and with low secon- 
lary neutral ground resistance and high lightning 
rrester ground resistance. (See Fig. 17, set 3.) 


-OTENTIALS AT SERVICE 


As indicated by Fig. 18, the tests showed that due 
o making the interconnection there was a 10 per 
ent reduction in the potentials at the service en- 
rance. There is indicated also a marked reduction 
n the voltages at the service entrance when the 
tustomer’s lamps were turned on. This seems to be 
in argument in favor of turning on the lamps during 
. thunderstorm. 

During the latter part of the work the transformers 
vere mounted on one of the poles and a testing 
helter was constructed on poles immediately ad- 
acent to the transformer pole. The induced po- 
entials were slightly higher, but otherwise in good 
reneral agreement with those obtained when the 
ransformers were on the laboratory floor. The 
majority of the tests covered here have been made 
vith the transformers on the poles. 

Subsequent to the preparation of the paper pre- 
ented at the winter convention in New York, tests 
ave been made with the surge generator discharging 
lirectly from the cloud into a primary phase wire, 
fiving arrester currents up to 2,000 amp. Under 
hese conditions, the beneficial effect of the inter- 
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the potentials at the transformers and at the service entrance with 
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Effect of interconnection upon 


various ground resistances 
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connection was much more pronounced. Whereas 
with secondary neutral ground resistances of from 10 
to 15 ohms and arrester ground resistances of from 
100 to 200 ohms, the transformer bushings repeatedly 
flashed over, it was found that the interconnection in 
all cases prevented flashover and reduced the po- 
tentials across the transformer to approximately 
35 kv. 

Laboratory surge tests were made on several of the 
newer surge-proof distribution transformers and also 
on some rather old and dirt-covered transformers 
which had seen considerable service. With a light- 
ning arrester operating normally and connected 
between primary phase and secondary neutral 
(equivalent to the interconnection) none of the 
transformers showed any signs of failure. 
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While in no way depreciating the advantages of 
the present surge-proof type, this would indicate 
that increased service and reliability may be obtained 
from some of the old style transformers if the inter- 
connection is adopted. 

Surge tests on the primary bushings of some surge- 
proof type transformers indicate that well over 100 kv 
is required to flash over the bushing, due primarily 
to several layers of cambric tape on the phase lead. 
In case of possible arrester failure it is evident that 
the winding insulation may be subiected to ab- 
normally high stress without relief by bushing 
flashover. 


CONCLUSIONS 


From the results obtained in this investigation, 
the following conclusions seem justified: 


1. The value of an experimental wood pole distribution line with 
an insulated artificial cloud charged by a surge generator was 
established definitely for lightning protective investigations in- 
volving induced as well as direct stroke potentials. 


2. The tests demonstrated the practicability and economy of 
studying, by means of such equipment, the operation of various 
transformer, lightning arrester, and ground connections, when 
exposed to surges approximating those of lightning. 


3. Efficient primary protection on an overhead distribution line 
affords considerable protection to secondaries located below the 
primaries. 


4. A well grounded secondary neutral wire reduces potentials on 
adjacent wires. 


5. In existing transformer design the insulation of the secondary 
winding may be overstressed by steep wave front surges without 
excessive stress on the primary insulation; such stresses may be 
relieved by improvements in secondary insulation. 


6. Low ground resistances, although desirable in other respects, 
do not necessarily reduce the initial potentials which may be in- 
duced on the system. 


7. A non-inductive load in the consumer’s premises reduces the 
potentials 60 to 70 per cent at the service entrance. 


8. Interconnecting the primary lightning arrester ground to the 
grounded neutral of the secondary main greatly reduces the voltages 
at the transformer and imposes no extra hazard upon the consumer’s 
wiring. Specific cases of this conclusion are covered in the following 
4 paragraphs. 


9. With the lightning arrester ground resistance and secondary 
neutral ground resistance below 20 ohms, the interconnection has 
but little effect upon the magnitudes of induced potentials at the 
transformer. 


10. With an arrester ground of from 100 to 200 ohms and a secon- 
dary neutral ground of less than 20 ohms, the interconnection reduces 
by from 30 to 50 per cent potentials across the transformer terminals. 


11. With a lightning arrester ground of less than 20 ohms, and a 
secondary neutral ground of from 100 to 200 ohms (an unusual 
combination), the potentials across the transformer terminals were 
increased about 25 per cent by making the interconnection. 


12. With secondary neutral and primary arrester ground resistances 
both ranging from 100 to 200 ohms, the interconnection had prac- 
tically no effect upon the magnitudes of the voltages at the trans- 
former. 


13. Using “direct strokes’’ from the surge generator, the inter- 
connection is of great benefit with high arrester ground resistances. 
With any combination of secondary-neutral and arrester ground 
resistances, the interconnection limits the transformer stress to the 
value determined by the arrester voltage, and should reduce mate- 
rially the lightning failures on non-surge-proof types of transformers. 


14. With usual city conditions, consisting of a multiplicity of low 
resistance grounds on the secondary neutral, and the further possi- 
bility in some instances of a lightning arrester ground of high re- 
sistance, it has been demonstrated herein that potentials at the 
transformer may be reduced greatly by the interconnection of the 
primary lightning arrester ground and the grounded neutral of 
the secondary main. 
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l!—Tests ona 


Typical Rural Circuit 


By 

K. B. McEACHRON Genl. Elec. Co, 
MEMBER A.1.E.E. Pittsfield, Mass. 
Bs SAXON Utility Mgmt. Corp. 


NON-MEMBER A.1.E-E. New York, N. Y.: 


Tuere HAS BEEN a growing con- 


viction on the part of those closely associated with 


the problem of protection that in practise the present 


method of lightning arrester application on distri-_ 


bution systems involves too many uncontrollable 
factors. Connecting the primary arrester ground 
to the grounded secondary neutral appears to elimi- 
nate many of the uncontrollable factors. With 


such a connection the voltage between transformer 


_— 


windings under impulse conditions will not exceed 


the potential allowed by the arrester; this potential 


is so low that bushing flashovers or transformer — 


failures should be practically eliminated. In pro- 


posing this the question naturally arises: Will such 


a connection introduce any additional hazard on 
the customer’s premises and will it offer the ad- 


vantage from the protection standpoint that ap-_ 
Experience in those cases where — 


parently it should? 
this interconnection has been tried does not indi- 
cate any increased hazard, and the protection record 
seems to be far above that of the present connection. 

In order that experimental data might be ob- 
tained under controlled test conditions, the General 
Electric Company conducted a field investigation 
in cooperation with the Associated Gas and Electric 
Company. The tests were made on a single-phase 
4,600-volt rural line of the New York State Electric 
and Gas Company, built to serve the village of 
Willseyville, N. Y., and the surrounding community. 
The line had just been constructed at the time the 
tests were made and for most of the power tests 
was energized at 2,300 volts. A portable million 


volt impulse generator and a cathode ray oscillo-— 


graph were used in the tests. A positive impulse 
voltage of 350 kv applied resulted in a 6/14 microsec 
wave with a crest of 123 kv at the test transformer 
location 4.45 miles away. To prevent flashover, it 
was necessary to increase materially the insulation 
at most of the guyed poles. 

A 10-kva 2,300-115/230-volt transformer was 
mounted about 30 ft above ground on the pole at 
which the primary conductors terminated. The 3 


secondary conductors .X;, X93, and X, extended from | 


this pole into the village of Willseyville, having a 
total circuit length of 3,273 ft located on 4 streets. 
(See Fig. 19.) A building which will be designated 


Based upon “Lightning Protection for Distribution Transformers’ (No. 32-17) 
presented at the A.I.E.E. winter convention, New York, N. Y., Jan. 25--29, 
1932. Revised especially for ELECTRICAL ENGINEERING and brought up to date. 
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Fig. 19. Circuit connections for protection tests on 
transformers 


. the “‘hall’’ was connected between X, and X.; 
_a point about 400 ft from the transformer pole. 
his building was the only one connected to the 
condary circuits during the tests. In addition to 
le 65-ohm ground at the hall the secondary neutral 
as grounded at 5 points, the nearest being about 
30 ft from the transformer pole. The combined 
sistance of all secondary grounds was 25 ohms. 
The hall was wired with metallic armored cable 
3X); the measured capacitance between 1 wire 
id ground was 0.04 uf. The hall was provided 
ith 6 circuits and 26 outlets, the ground being 
ade to the casing of a driven well. 

All cathode ray oscillograms to be shown registered 
yitages to ground. Voltages between windings are 
tained by subtraction, but were checked by direct 
easurements with sphere gaps. Resistance and 
pacitance dividers were used to reduce the po- 
ntials to proper values for the oscillograph deflect- 
g plates. Most of the tests were made with 3- 
7 pellet arresters which, according to laboratory 
sts, have a breakdown potential of about 17 kv 
id an JR drop of 6 to 7 kv. Some of the tests 
ere made with pellet arresters having higher rat- 


gs. 
[PULSE APPLIED TO THE PRIMARY 


Only results with impulses on both primary con- 
ictors will be given as this is the most representa- 
ve condition of service and the conclusions drawn 
yply equally well whether the impulse is on 1 con- 
ictor or both. Although nearly 1,000 oscillo- 
ams were taken, in the limited space available 
ily a few of the data can be shown. 


Primary 
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Potentials measured at the trans- 

former when impulses were ap- 

plied to the primary conductors. 

lightning 

grounded at the transformer pole 
in the usual manner 


Fig. 20. (Left) Arrester ground 
resistance 10 ohms 


Fig. 21. (Right) Arrester ground 


resistance 60 ohms 


Oscillograms in each group have same ) 5 10 15 20 
calibration 


Oscillograms reproduced in Fig. 20 show the po- 
tential with respect to ground of the primary M,, 
tank 7’, and secondary neutral X»3 with the 3-kv pri- 
mary arresters connected to a 10-ohm ground in 
the usual manner. The secondary neutral potential 
remains close to ground potential while the tank 
takes an intermediate potential, but close to the 
secondary. As a result, most of the potential al- 
lowed by the primary arrester and its ground is 
impressed from the primary to tank and secondary. 

Increasing the arrester ground resistance to 60 
ohms increases the primary potential to tank and 
secondary and also increases the tank potential, 
as Shown in Fig. 21. It is clear that further increase 
in arrester ground resistance is likely to result in 
either flashover of the primary bushings or a wind- 
ing failure. Flashover of both primary bushings, or 
cascade flashover of a primary and secondary bush- 
ing, if the primary is grounded, is likely to result 
in blown fuses. 

Interconnecting the arrester ground and secon- 
dary neutral greatly reduces the potentials between 
windings and from winding to tank as shown in 
Fig. 22. With this connection the oscillograms 
show that the tank and secondary have practically 
the same potential, while the primary to secondary 
potential is only the arrester potential, although 
the arrester ground resistance was 60 ohms. 

In Fig. 23 the oscillograms of Figs. 21 and 22 are 
subtracted to show the great reduction in potential 
between primary and secondary when the arrester 
and secondary neutral were interconnected. Addi- 
tional tests show that there is little difference of po- 
tential between the different windings even with 
the arrester ground disconnected. (Fig. 24.) Thus, 


regardless of the arrester ground resistance the trans- 


former is well protected and fuse blowing is reduced 
to a minimum by eliminating bushing arcover. 
Tests made using 6-kv pellet arresters with and 
without the tank connected to the arrester ground, 
which had a resistance of 10 ohms, are shown in 
Fig. 25. The oscillograms are replotted as they 
were taken with different time scales. The impulse 
was applied to both primary conductors, the secon- 
dary conductors still being connected to the secon- 
dary distribution system. The results show that 
the connection of the tank to the arrester ground 
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Fig. 23. 
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Arrester ground resistance 60 ohms 


lowers the potential between the primary and tank 
to the arrester voltage, but raises the potential be- 
tween the tank and secondary to a value equal to 
the JR drop in the ground. Such connection does 
not lower the voltage between primary and secon- 
dary, and if the ground resistance is high, excess 
potentials will appear between the tank and secondary. 


IMPULSE APPLIED TO SECONDARY 


In making this test the line conductors from the 
impulse generator were connected to the secondary 
wires X, and X,, each of the primary leads of the 
transformer being connected to ground through a 
500-ohm surge impedance. As in the previous tests 
the entire secondary distribution system was con- 
nected, but with no lights on at the hall. Results 
of these tests are presented in Figs. 26 and 27. 
With a secondary neutral ground resistance of 19 
ohms and the primary arresters disconnected from 
ground, a high voltage was measured between pri- 
mary and secondary (Fig. 26). This is reduced 
greatly by interconnecting the arrester ground and 
secondary neutral (Fig. 27) the same as in the case 
of an impulse on the primary. Thus the primary 
arrester with interconnection to the secondary neu- 
tral will keep the transformer windings at potentials 
differing only by the arrester potential, whether 
the impulse originates on primary or secondary. 
For extremely steep waves originating on the secon- 
dary, secondary protection between conductors and 
neutral may be needed. 


MEASUREMENTS AT THE CONSUMER’S SERVICE 


Oscillograms were taken at the service in the 
hall during the protection tests; the maximum volt- 
age was found to be 3.9 kv. At this potential 
sparking took place within fixtures which effectively 
limited the voltage. With the standard arrester 
connection on the transformer pole and an impulse 
of 123 kv applied to the primary, the potential 
between conductors at the hall was 400 and 880 
volts when the arrester ground resistance was 10 
and 60 ohms, respectively. When a gap between 
primary and secondary set for about 50 kv rms 
sparked, the hall wiring arced over at 3.9kv. When 
the interconnection between primary arrester ground 
and secondary neutral was made the wiring arced 
over even with arrester ground resistances as low 
as 10 ohms. 
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Fig. 22. (Left) Surge voltages 
at the transformer with primary 
arrester ground and secondary 
neutral interconnected, and im- 
pulses applied to primary 


(Right) Comparative 
voltages from transformer pri- 
mary to secondary neutral 


Primary arrester ground (1) connected 

in usual manner and (2) intercon- 

nected to secondary neutral; arrester 
ground resistance 60 ohms 
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Fig. 24. Surge voltages at the transformer with 
primary arrester ground and secondary neutral inter- 
connected, and arrester ground disconnected 


With the arrester ground and secondary neutral 
interconnected and the arrester ground disconnected 
at the transformer pole, when an impulse was applied 
to the secondary conductors, the wiring arced over 
and a potential of 15 kv was measured to a sepa- 
rate ground at the hall. With a 100-watt lamp 
connected across the secondary, the potential be- 
tween wires was reduced to 1.3 kv. 

POWER TESTS: ISOLATED-NEUTRAL PRIMARY 
Two transformers rated 1!/; kva which had blown 
fuses quite consistently during lightning storms were 
placed on the pole fused with 2 amp fuses. A 25- 
amp non-inductive load was connected to X, and | 
X,. The primary voltage was 4,600 non-grounded, 
which was obtained from a rural 6,900-volt single- 
phase line through the use of two 50-kva trans- 
formers rated 6,900/2,300 volts and 2,300/4,600 

volts, respectively. 

When impulses were applied to the primary con- 
ductors, the first transformer, which had low oil 
level, sparked over the terminal board with power) 
follow; this blew the 2-amp fuse. With 6-kv pellet 
arresters connected and ground resistances up to 
170 ohms the terminal board did not flash and of 
course the fuses did not blow. The oil level was} 
raised, arrester disconnected, and 10 impulses ap- 
plied, which arced to the tank over both the pri- 
mary and secondary leads. No power follow took 
place, which was to be expected since the power 
source was not grounded. 

The second transformer did not are over even 
with arrester ground resistances as high as 170 
ohms. The arresters then were removed and both! 
high voltage bushings arced over to the tank. Al 
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1ough 10 impulses were applied, some with and 
me without secondary 28-amp load, the primary 
amp fuses did not blow. A more intense discharge, 
owever, might have started the power follow. 

During the tests with the primary ungrounded 
scillographic measurements at the hall showed no 
crease in power voltage either between wires or 
» ground. Likewise with the same power source 
1e interconnection of arrester ground and secon- 
ary neutral did not affect the power voltage at 
1e hall during the period of arrester operation. 


OWER TESTS: GROUNDED PRIMARY 


In these tests, the 10-kva transformer on the 
ole was connected to the secondary distribution 
ystem its primary receiving power over the experi- 
ental line at 2,300 volts from one of the 50-kva 
ansformers connected to the 6,900-volt rural line. 
or the tests to be described one conductor was 
founded through a 35-ohm ground at the 50-kva 
ansformer, to simulate one leg of a 2,300/4,000- 
olt grounded-neutral system. 

First, a °/sin. gap was connected between the 
rimary phase wire and the secondary neutral; 
impulses out of 5 blew the 2-amp fuse on power 
low, and a voltage of between 600 and 750 volts 
fective was measured at the hall between conduc- 
rs and a separate ground for times up to about 
2 sec until the fuse cleared the circuit. With a 
wer resistance ground at the power source the volt- 
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Fig. 25. Effect of connecting the transformer tank 


to the primary arrester ground 


6-ky arrester; 10-ohm ground 
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Surge voltages measured at the 
transformer with impulses ap- 
plied to the secondary 40 


Fig. 26. (Left) Primary arrester 
grounded in usual manner; re- 
sistance 19 ohms 


Fig. 27. (Right) Primary arrester 
ground interconnected to sec- 
ondary neutral but not grounded 

at the transformer pole 


age measured at the hall would have been higher 
but the duration shorter. 

With the 3-kva arrester disconnected from ground 
at the transformer pole, but interconnected to the 
secondary neutral, a voltage of 101 volts rms was 
measured for a fraction of 1 cycle. The secondary 
neutral ground was 25 ohms and the primary ground 
at the 50-kva transformer, 35 ohms. 

When the primary arresters were connected to a 
10-ohm ground at the transformer pole the poten- 
tial of the conductors at the hall to a separate ground 
was 33 volts rms for a fraction of a cycle. Another 
test was made in which the sheath of the BX con- 
duit in the hall was connected to a separate ground 
from that of the grounded conductor within the 
conduit. With the interconnection, and an arrester 
ground of 10 ohms at the transformer pole and secon- 
dary neutral ground of 25 ohms, no 60-cycle po- 
tential could be measured from the sheath to a sepa- 
rate ground, although the sheath ground was of 
the order of 1,000 ohms. Between the sheath and 
the grounded conductor a potential of 33 volts un- 
doubtedly would have been measured for this con- 
dition. 


CONCLUSIONS 


Conclusions reached from the results of these 
tests may be stated briefly as follows: 


1. With the present method of connecting primary arresters, 
ground resistances play an all-important rdle in the protection 
afforded by the arresters; a ground resistance that may not be too 
high for one discharge may be totally inadequate for a higher current 
discharge. Since low ground resistance is expensive and frequently 
cannot be obtained, efficient protection requires that the variable 
effects of ground resistance be eliminated. 


2. Impulses originating on the secondary network cause the trans- 
former tank potential to rise above that of the primary and a primary 
failure may result although the surge entered from the secondary. 
Thus some failures charged to primary entrance may have been 
due to secondary entrance. 


3. Grounding the transformer tank to the arrester ground is not 
particularly helpful as it reduces the primary-to-tank stress to the 
voltage allowed by the arrester, but increases the secondary stress 
by the JR drop in the ground. 


4. Interconnection of primary arrester ground and secondary 
neutral will reduce the potential during lightning discharges to the 
voltage allowed by the arrester, whether impulses come from the 
secondary or primary circuits. With this interconnection trans- 
formers in reasonably good condition should not fail due to lightning 
surges, nor should fuses blow except in case of a severe direct stroke 
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Fig. 28. _—_Inter- 
shunt Thyrite 
lightning arresters 
mounted in a 25- 
kva_ distribution 
transformer _—_ for 
operation on a 
2.4-kvy isolated 

system 


close to the transformer. Thus accidental connection between 
primary power supply and customer’s premises should be practically 
eliminated. 


5. Surge potentials at the transformer with the arrester ground 
interconnected to the secondary neutral is independent of the arrester 
ground resistance so that the transformer is protected whether the 
arrester ground resistance is high or low. 


6. With the arrester ground interconnected to the secondary neu- 
tral, nothing is to be gained by connecting the transformer tank to 
the secondary neutral, since with the tank “‘floating,’’ the potentials 
to tank are much less than the strength of insulation involved and 
the hazard to linemen is decreased. 


7. . Interconnection of primary arrester ground and secondary neu- 
tral allows impulse current to flow into the secondary network, the 
amount depending on the arrester ground at the transformer. The 
tests showed that even a 10-ohm ground did not prevent flashing 
some of the small gaps in the secondary house wiring; lightning 
discharges originating on the secondary do the same thing and inter- 
connection increases the number of such discharges by the amount 
of exposure added. If a good arrester ground is used the severity 
of discharge in the secondary circuits will be reduced greatly. It is 
not believed that the increase in the number of discharges represents 
any increased hazard where the secondary neutral is connected to 
water pipe grounds, as in cities, even if the arrester is not grounded 
at the transformer. In rural distribution interconnection may 
represent some increase in hazard if several different grounds exist 
within consumer’s premises so as to allow potential differences 
between different grounded objects and the secondary circuits. 


8. From the standpoint of hazard due to power voltage, the present 
situation is that, in many instances of fuse blowing that may or 
may not have resulted from a transformer failure, power voltages 
of considerable magnitude appear between the secondary ground 
and separate grounds on the customer’s premises; these voltages 
will persist until the fuse blows which may require many cycles, 
depending on the magnitude of the fault current. With good 
grounds on the secondary this time will be short and the voltage 
low; with poor grounds the time is longer and the voltage higher. 


9. With the interconnection, it is believed that contacts between 
primary and secondary caused by lightning largely will be avoided 
thus materially reducing any hazard that may have existed before 
where the secondary ground resistance was high. In such cases 
the arrester probably should be connected to a ground at the point 
of interconnection to the secondary neutral. 


10. The tests indicate that the record of arrester protection to 
distribution transformers, including fuse blowing, can be improved 
greatly by the interconnection, providing proper precautions are 
taken where the secondary neutral ground is not a water pipe ground; 
arrester grounds are not necessary where the secondary ground 
resistance is low as with waterpipe grounds. 


Additional Notes on Interconnection 


Since the paper upon which the foregoing arti- 
cle is based was written, tests have been completed 
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by Duvoisin and Brownlee (‘“‘Impulse Characteristics 
of Fuse Links,” G. E. Rev., May 1932, p. 260) which 
indicate that valve type lightning arresters may be 
connected inside of fuses without having the arrester 
discharge current blow the fuses. These tests show 
that in order to blow a 1-amp low temperature Gen- 
eral Electric fuse link a 1.5/40-microsee impulse 
must have a crest voltage of at least 123 kv; to 
blow a 5-amp fuse under the same conditions the 
crest potential of the traveling wave must be at 
least 625 kv. Considering the insulation of most 
distribution circuits it is doubtful if fuses of a ca- 
pacity as large as 3 amperes would be blown by 
the discharge current through a valve type lightning 
arrester. The effect of the power follow current 
through such an arrester is quite negligible from 
the standpoint of blowing fuses during a lightning 
storm. 

With interconnection of lightning arresters it is 
essential that some means be provided for clearing 
the circuit in the event that the arrester should fail. 
Connecting the arrester inside the fuses provides 
a satisfactory method for doing this, and not only 
isolates the arrester but also locates the trouble 
so that it may be cleared quickly. The impulse 
tests on fuses show that this protection can be se- 
cured satisfactorily without any sacrifice in service 
reliability if fuses of 3-amp rating or larger are used. 

There has been some discussion concerning the 
use of interconnection on circuits operating non- 
grounded, on account of the potential that might 
appear between the consumer’s wiring and a sepa- 
rate ground. Available information indicates that. 
on a 4.6-kv system the potential across a ground 
resistance of 100 ohms connected between one line 
and ground would not exceed 100 volts, the system 
being 20 miles in extent. This assumes, of course, 
that the line conductors are free from grounds. 
It does not appear, therefore, that the failure of a 
lightning arrester would cause any serious voltages 
on the consumer’s premises even with a ground re- 
sistance as high as 100 ohms. 

Several of the larger operating companies now 
are trying interconnection on a scale sufficiently 
large that the results taken as a whole should be 
quite conclusive. Some of these companies who have. 
felt doubtful of the interconnection in relation to the 
various codes have obtained the approval of the 
engineers of the Public Service Commissions of their | 
particular states. 


INTERSHUNT THYRITE LIGHTNING ARRESTER 


If interconnection be employed it is convenient 
to mount the arrester inside the transformer tank 
so as to avoid external connections, thus decreasing 
the cost of installed protection and the amount of 
apparatus separately mounted on the pole. For this 
purpose a special Thyrite arrester has been developed 
consisting of an assembly of gaps and Thyrite within 
a sealed porcelain container and hung from the inside 
of the transformer tank. A transformer so protected 
is shown in Fig. 28. Such a location of the arrester in- 
sures the minimum length of leads and makes it possi- 
ble for the arrester, which is connected between the 
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imary conductors and secondary neutral, to func- 
yn most efficiently. The arrester is mounted in such 
way that the transformer tank is not a part of the 
‘cuit. Thus the tank can be grounded or left isolated 
desired ; if it be grounded it should be interconnected 
th the secondary neutral, so as to assure that the 
nk potential follows the secondary potential. 


IMMENTS CONCERNING INTERCONNECTION 


Since the A.J.E.E. 1932 winter convention in 
ew York, where the papers upon which these 
ticles are based were presented, there has been 
uch discussion concerning interconnection. This 
scussion may be more or less summarized in the 
atement that improvement in protection to the 
ansformer and reduction in blown fuses will re- 
It, but where driven secondary grounds are in 
e, there may be some question concerning hazard. 
seems to the writers that the case for interconnec- 
yn versus the arrester ground connection can be 
ated in some such fashion as the following: With 


Wiring Buildings 
for Good Illumination 


Progress in securing good illumination in 
buildings has been impeded seriously by 
lack of sufficient wiring capacity. The 
situation is reviewed in this paper in the 
hope of stimulating engineering interest 
and thus promoting wider use of practises 
which will insure reasonable prospect of 
adequacy of lighting circuits throughout 
the life of a structure. 


By 


G. H. STICKNEY 
FELLOW A.1I.E.E. 

Both of 
WALTER STURROCK Cason 


Ci eenuas with 
e development of lighting practise there has come 
o existence a group of illuminating or lighting 
‘vice engineers associated with utility companies, 
ding lamp and equipment manufacturers, and 


ed upon ‘‘Adequate Wiring of Buildings, an Essential for Good Illumina- 
” (No. 32-86) presented at the A.I.E.E, summer convention, Cleveland, 
0, June 20-24, 1932, 
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the arrester ground connection the protection of 
the transformer and the quality of the service de- 
pend upon the arrester, the ground resistance, and 
length of ground lead, while the safety of the con- 
sumer depends upon the quality of the secondary 
grounds. If the secondary ground resistance is 
high the consumer’s safety also may depend upon 
the arrester and ground resistance as these may de- 
termine whether or not a primary-secondary con- 
tact is to be established. With interconnection the 
protection of the transformer depends upon the 
arrester only, while the safety of the consumer 
depends upon the quality of the secondary grounds. 

Any arrangement which tends to make the secon- 
dary ground better is to be preferred, and of course 
this includes the interconnection of secondaries into 
a grid and also the interconnection of the primary 
neutral and the secondary neutral. Such connec- 
tions establish a firm ground with many connections 
to ground, and should result in improved reliability 
both from the standpoint of lightning protection 
and hazard to the consumer. 


some of the large users of light, who have inter- 
changed data and experience with each other as well 
as with practising consultants. 

A large measure of the effort of these engineers has 
been devoted to the repair and correction of lighting 
installations which for one reason or another have 
proved unsatisfactory in operation. They therefore 
have had an unusual opportunity of determining the 
border lines of satisfactory and unsatisfactory light- 
ing. It is this experience, embodied in the criteria 
and rules for lighting practise, that has rendered the 
practise so reliable and secured its wide acceptance. 
While this experience has been dominantly with the 
smaller installations, in which for economic reasons 
paid consultants are not usually retained, it should 
be borne in mind that the more elaborate installa- 
tions have at least as stringent requirements. 


LIGHTING PRACTISE ADVANCING 


The lighting practises developed have been ex- 
pressed in papers and reports before various associa- 
tions. Notable among these are the lighting codes of 
the Illuminating Engineering Society, the American 
Standards Association, and the International Com- 
mission on Illumination. The accepted illumination 
levels for the most common conditions of building 
lighting have been compiled in tabular form by 
leading illuminating engineers. Among other places 
these tables have been published in the Franklin 
“red seal” specification of the Society for Electrical 
Development, which also prescribes approximate 
rules for the lighting design of the simpler and more 
common classes of building interiors. This specifica- 
tion is probably the simplest, most condensed, and 
most comprehensive expression of present lighting 
practise; thus it furnishes a reasonable expression of 
the electric power requirements of that practise. 
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While electric lighting practise in the more common 
applications is comparatively definite, it is not static. 
Illumination levels, that is to say, the quantitative 
elements, have been rising steadily for many years 
and except for the retardation during periods of 
business depression, there is no indication that most 
fields have approached saturation. Moreover, there 
is an increasing demand for diffusion and reduction of 
glare which is generally secured at a sacrifice of 
light and therefore puts an additional requirement on 
the amount of electricity to be supplied. 

While qualitatively these advances are generally 
‘recognized, it is exceedingly difficult to secure any 
quantitative measure for them, due to variations in 
application, locality, time, etc. Probably the best 
authoritative values for industrial lighting are 
published in the 1921 and 1930 issues of the ‘‘Ameri- 
can Standard Code of Lighting for Factories, Mills, 
and Other Work Places,’’ which have been published 
in pamphlet form and in the Transactions of the 
PS ve 16,1921; pr562 and: vs 25,-1930, p: 60% 
The 2 issues give the values in different form and in 
some instances different classifications. However, 
a few samples have been selected and incorporated 
in Table I. It is probable that in most instances the 
advances are, if anything, greater than here indicated 
as the later values were presumably more widely 
exemplified in actual installations at the time of issue. 
It seems safe to say that, in general, the decade 
ending in 1930 witnessed approximately a doubling 
of light requirement for good practise in the principal 
classes of commercial, industrial, and office lighting. 


Table I—Iilumination Levels Good Practise 


Foot-Candles 


Class of Operation or Interior 
1930 
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INDICATIONS OF WIRING INADEQUACY 


For a number of years illuminating engineers have 
been encountering installations in which suitable 
lighting could not be provided because of a lack of 
capacity in the wiring. Even where the safe carrying 
capacity of the wiring was not exceeded, excessive 
losses of electrical pressure in the wiring were fre- 
quently encountered so that the voltage delivered to 
lamps was considerably less than it should have been. 
Such losses were greatest at times when the demand 
was greatest, and resulted in serious reduction in light 
output and lamp efficiency. In a brief survey made 
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in 1931 by an electric utility company in Ohio, it 
was found that the voltage drop in the interior wiring 
between meter and socket was frequently over 5 per 
cent and in some cases in excess of 10 per cent. 
Since operation of tungsten filament lamps at 10 per 
cent of rated voltage means a light output of only 
about 70 per cent of normal (see Fig. 1), it is easy to 
understand how unsatisfactory the illumination 
would be. This subject is discussed further in 
“Voltage and Incandescent Electric Lighting,” G. 
S. Merrill, Preprint No. 137, International Illumi- 
nation Congress, presented at Glasgow, September 
1931. Oftentimes such conditions have been mis- 
interpreted as being due to poor regulation of the 
utility's circuits or to defective lamps and have been a 
source of complaint from this standpoint. In 
extreme cases building owners have been compelled 
to incur the costly outlay of rewiring, but in a much 
larger number of cases, the expense has appeared 
prohibitive, and unsatisfactory lighting has been 
continued. 

A review of the papers and reports presented be- 
fore engineering associations shows careful treatment 
of practically every phase of electrical engineering 
except building wiring. It seems important that 
more attention be given this subject. 


FUTURE LIGHTING 


In addition to the expected advance in illumination 
levels and degrees of light diffusion, there is a 
number of more or less new lighting applications go- 


ing into use which bid fair to increase the electrical | 


consumption. Among these may be mentioned 
light ornaments, that is, light sources to look at 
rather than for general illumination, ornamental 
portable lamps, indoor signal indicators, signs, ete. 
Some of these, while originating in the home, club, 
or hotel, are spreading to stores, offices, and other 
interiors. 

For the past 5 years, the practise initiated in 


Europe of using so-called “built-in” lighting has been 
spreading rapidly in this country. Since such 


lighting formerly required special construction in the 


being undertaken. However, 


usual electric outlets. This class of lighting is 
extending because of its artistic merit and in spite of 
a considerable reduction in efficiency measured in 
lumens per watt. It therefore represents an increase 
in electrical consumption which should receive 
proper consideration. 

Another phase of lighting, which is still in the 
experimental stage but receiving enough attention to 
preclude ignoring it, is the so-called ‘dual purpose” 
health lighting. In addition to the visible light, 


these lamps supply the ultraviolet radiation which is} 


depleted from daylight by window glass and city 
smoke and which is absent from the light of ordinary 
illuminants. Such equipment does not inherently 


require more electricity per unit of light than ordi-} 
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walls and ceilings, it was applicable only to new build- 
ings or those in which extensive reconstruction was | 
modified forms of 
luminaires similar to built-in equipment are begin-| 
ning to appear, and these can be installed without 
difficulty in finished rooms and supplied from the 


ry lighting, but the installations so far made 
dicate a tendency to employ higher wattage. 

A compensating factor to the increased consump- 
on. would be the use of more efficient light sources. 
1e rapid increase in efficiency of incandescent 
mps from, say, 1912 to 1922 just about kept pace 
th the demand for more light, so that the electrical 
mand for a given area and purpose held fairly 
nstant throughout that period. Since then the 
vance in efficiency has slowed down and although 
uminants of considerably higher efficiency have 
en produced in laboratories, it appears unsafe to 
pend upon any great increase in efficiency being 
dely applicable to today’s installations within the 
xt 4 or 5 years. 

Within the past 10 years large numbers of small 
otor and heating appliances have been connected to 
hting circuits and apparently the next few years 
ll witness considerable increase in the load due to 
eir more extended use. They are valuable services 
id must be planned both for their own value and for 
e limits they otherwise would present to good 
rhting practise. 


HE QUANTITATIVE ELEMENT OF WIRING 


Interior wiring has received a great deal of atten- 
mn on the part of code writers, and has been the 
bject of numerous rules. By many in the elec- 
ical industry the National Electric Code has been 
ken as a standard of good engineering, overlooking 
e fact that the purpose of the code is fire prevention 
id other safety features. Being mandatory in 
laracter, the code cannot prescribe wiring on the 
isis of economic engineering. Because of the 
mimon failure of those responsible for such wiring 
provide for later additions to the load it has been 
ccessary for the code to anticipate these additions, 
it still on the basis of safety only. The code has 
en the subject of considerable controversy among 
e various interests involved. Since good engineer- 
g would incorporate both the requirements for 
fety and economic operation, there is good reason 
believe that if good engineering were to prevail in 
is field these misunderstandings would disappear 
id the code assume its rightful position. 

In the absence of generally accepted standards 
her than the wiring code, it has become a wide- 
read practise for designers to establish arbitrary 
les and constants of their own making. In the 
ialler installations the details of wiring are often 
termined by competing contractors eager to under- 
d each other. Where consulting engineers are 
tained, they often are urged to justify their employ- 
ent by minimizing investment and so find it diffi- 
It to apply best engineering judgment. These 
rying circumstances all militate against the proper 
sponse of wiring practise to the needs of lighting. 
In the report of a National Electric Light Associa- 
m subcommittee on adequate wiring entitled, 
Aghting Service Manual,” Part 3, p. 17, published 
‘the N.E.L.A., August 1928, the following con- 
sions were drawn: 


That to cut down the wiring specifications in order to reduce the 
tial investment was false economy as the greater losses would 
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within a period of a year or 2 entirely offset the difference in invest- 
ment. 


2. That the investment in the wiring system did not increase in 
direct proportion to the increase in wiring capacity; doubling the 
wattage capacity increased the investment only about 1/3 while 
50 per cent extra capacity meant an additional investment of only 
from 15 to 18 per cent. 


It would appear therefore that in the interest of 
good engineering based upon economics what is 
needed is a reasonable standard, based upon good 
lighting practise, with an allowance for advances in 
the art and probable changes in the use of buildings. 
Such a standard would do much to overcome the 
insidious whittling which, in a considerable degree, 
has been responsible for the unsatisfactory condition. 
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of tungsten filament lamps 


Fig. 1. 


ADEQUACY SPECIFICATION 


A few illumination engineers about 1924 became 
conscious of building wiring as a limitation of good 
lighting. Previous to that time these engineers had 
concentrated upon the selection of lamps, luminaires, 
and locations. It became obviously important to 
give attention to wiring if the advance of illuminating 
engineering were not to be seriously impeded. The 
educational undertaking which resulted is described 
in “Adequate Wiring—A Problem of the Illuminating 
Engineer,’ G. H. Stickney, Preprint No. 125, 
International Illumination Congress, presented at 
Glasgow, September 1931. 

Through the efforts of the N.E.L.A., preliminary 
paragraphs for an adequacy specification were agreed 
upon in the spring of 1929. Immediately some of the 
illuminating engineers, especially those associated 
with electric utility companies, began an informal 
application of the standards so embodied. The 
results were very gratifying. After a year’s experi- 
ence an extension of these paragraphs for commercial 
buildings was published by the N.E.L.A. in the 
pamphlet of March 30, 1930, entitled, “Minimum 
Specification for Adequate Wiring of Lighting 
Circuits in Commercial and Public Structures.”’ 
A corresponding specification for industrial buildings 
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was issued under the same auspices on July 20, 1931, 
entitled, ‘Minimum Specification for Adequate Wir- 
ing of Lighting Circuits in Industrial Structures.” 

Several interested groups individually undertook 
the preparation of corresponding specifications for 
residence wiring, and in the fall of 1931 an industry 
committee was organized to coordinate the several 
undertakings into a single standard specification. 
This work is not yet completed, although the reports 
indicate that the end is in sight. - 

It is to be hoped that consulting engineers will 
familiarize themselves with these specifications and 
subject them to criticism, and that out of this there 
may come generally accepted standards of wiring 
practise. This would strengthen the weak link in 
the system of electric lighting, and encourage a 
normal development along the line of good engineer- 
ing based upon economics. The public then could 
look with confidence to its advisers in the field of 
electric lighting, and be assured that good illumina- 
tion, according to its needs, could be had in any 
building constructed under responsible auspices. 


A Railway Motor 
Without Commutator 


One of the latest uses for that versatile 
device, the grid controlled mercury arc 
rectifier, is to replace the commutator of 
an electric railway motor that will operate 
on either alternating or direct current. 
However, the rectifier eliminates not only 
the commutators in a locomotive equipped 
with these motors, but also all expensive 
control, switching, and reversing equip- 
ment. Experiments have shown so much 
promise that a 1,000-hp locomotive of 
this type now is being built in Switzerland. 


By 
OTHMAR K. MARTI Allis-Chalmers Mfg. 
MEMBER A.1.E.E. Co., Milwaukee, Wis. 


Brace research work carried 
on for improving the mercury arc rectifier has led not 
only to improvements in its operation but also to 


Based upon ‘“‘The Mercury Arc Rectifier Applied to A-C Railway Electrification” 
(No. 32-63) presented at the A.I.E.E. Great Lakes District meeting, Milwaukee, 
Wis., March 14-16, 1932, and subsequently revised and brought more fully up 
to date. 
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entirely new applications of the device, and to new 
applications of the valve action on which its recti- 
fying property is based. In recent years considerable 
experimental and development work has been carried 
out on rectifiers provided with control grids, utilizing 
the grids for interrupting short circuits and backfires, 
for d-c voltage control, for the conversion of direct 
current to alternating current, and for many other 
purposes. In this paper is described a new applica- 
tion of grid controlled mercury arc rectifiers in con- 
nection with a new single-phase commutatorless 
motor for a-c railway service. 

Experiments carried out on a locomotive equipped 
with this type of motor have demonstrated the 
practicability of this scheme. Besides the elimina- 
tion of commutators, practically all of the expensive 
switchgear and control apparatus is done away with, 
resulting in a simplification of the locomotive and a 
reduction in cost. In addition, it becomes possible to 
use a power supply of any available frequency, 
whereas at the present time frequencies of 25 cycles 
or less generally are required. While it is too early 
to predict where this development may lead, the 
marked advantages of a locomotive equipped with 
motors of this type, which are already apparent, may 
revolutionize the practise of railway electrification. 


OPERATION OF ENERGIZED GRIDS 


Phenomena and characteristics of the mercury are 
valve have been treated in great detail in various 
scientific journals. Its applications are many if 
equipped with a control grid which is introduced into 
the path of the arc. This grid is insulated from the 
anode and may be energized from an outside source of 
potential, such as a battery, auxiliary transformer, 
generator, or a combination of these sources. Non- 
energized grids or screens also are used to a large 
extent in mercury arc rectifiers for many purposes. 
(See ‘“Mercury Arc Power Rectifiers,’ Marti and 
Nee i McGraw-Hill Book Co., p. 42, 227, 232, 
397. 

Some of the possibilities of energized grids are 
illustrated by the diagram of a 2-anode rectifier 
shown in Fig. 1. Let a sinusoidal a-c voltage be 
impressed on the primary side of the transformer, 
and let the grids be de-energized. The anodes will 
be positive during alternate half-cycles. During the 
half-cycle that anode 1 is positive, current will flow 
from anode to cathode through the load circuit, as 
indicated by the solid arrows. When anode 2 is 
positive, current will flow from anode to cathode 
through the load circuit, as shown by the dotted 
arrows. The current therefore flows through the 
load circuit in the same direction during both halves) 
of the cycle. The same rectifying action will’ take! 
place if a positive potential is applied to the grids 
during the intervals when the voltages of the corre- 
sponding anodes are positive. This could be accom- 
plished by throwing switch S (Fig. 1) from one posi- 
tion to the other after each half-cycle, making th 
grid of anode 1 positive during the half-cycle whe 
anode 1 is positive, etc., or by rotating commutato 
C at synchronous speed by means of motor M. 

This is illustrated in Fig. 2. Section a shows th 
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ode voltages @,, @. Shaded portions represent 
e d-c voltage wave (neglecting the arc drop). 
ction b represents the d-c wave for a resistance 
id. Sections c and d indicate the potentials ap- 
ed to the grids; shaded blocks represent the poten- 
Is if direct current is used, with a reversing or 
tating switch, as shown in Fig. 1, and the sine 
ives represent the potentials if alternating current 
used. 

In A of Fig. 2 is shown the condition when the grids 
2 made positive at the instant when the corre- 
onding anodes become positive. Each anode then 
erates during half a cycle, and the average d-c volt- 
e is shown by line Fis. In B of Fig. 2 is shown 
e condition obtained by shifting the brushes of the 
tating switch C, Fig. 1, through the angle a. The 
id potential then becomes positive a electrical de- 
ees after the anode potential, and the point at which 
e anodes start firing is delayed by the angle a, which 
Juces the d-c voltage to the average value Faz. 

It can readily be seen that by shifting the brushes 
commutator C, that is, by changing the timing 
th respect to the voltage of the anodes, the rectifier 
n be stopped from passing current without inter- 
pting the primary supply or the voltage can be 
anged from the maximum value E.,, to a value 
, or can be made as low as zero. ‘The source of 
tential for energizing the grids, battery B, can be 
placed by an a-c source, which could be an auxiliary 
ansformer, a small generator, or the like. Several 
andard rectifiers equipped with such grid control 
ve been built at the West Allis works of the Allis- 
ialmers Manufacturing Company and recently 
sre placed in service. They have proved entirely 
tisfactory. 

Only a few hundred watts are required for con- 
pling power rectifiers. The grid control apparatus 
therefore quite inexpensive. This fact should be 
mm in mind when studying the commutatorless 
otor and locomotive described later in this article. 


VERTED RECTIFIER 


In the arrangement shown in Fig. 1, assume that 
e load is replaced by a d-c generator as shown. If 
positive voltage is applied to the grid of anode 1, 
rrent will begin to flow through the left-hand por- 
yn of the secondary winding of the transformer, 
ducing a voltage in the primary winding. After a 
rtain time interval let the grid of anode 2 become 
sitive, and current will start to flow through the 
rht-hand portion of the secondary winding of the 
unsformer. If at the same time the current in 
ode 1 can be reduced to zero by some means or 
her, then the rectifier and associated equipment 
yuld be nothing else than a converter feeding power 
ym the d-c into the a-c network. Although the 
w of current from generator G through the anodes 
n be controlled by energized grids only as to the 
ne of starting, other methods have been developed 
r reducing the anode current to zero in the proper 
quence to obtain inverted operation of a conven- 
mal rectifier so as to convert direct current into 
ernating current. (See Kern, Bulletin Schweizer- 
her Elektrotechnischer Verein, 1931, p. 538.) 


PTEMBER 1932 


_valve that can be used 


Fig. 1. Controlled-grid 


either as a rectifier or a 
d-c to a-c converter 
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Fig. 2. Curves illustrating voltage regulation and 
control by means of energized grids 


This feature opens up great possibilities for the 
now fully developed mercury arc rectifier, and many 
new applications for the mercury arc valve. 


COMMUTATORLESS SINGLE-PHASE RAILWAY MOTOR 


For some time portable substations equipped with 
mercury arc rectifiers have been built abroad and in 
this country. As far back as 1914 a 250-hp motor 
car, equipped with a mercury arc rectifier, was in 
service in this country, on the New York, New 
Haven, and Hartford Railroad. As some experience 
therefore already is at hand, it will not be a novelty 
to put a rectifier on a locomotive, except in its use asa 
static commutator for the traction motors. 

Present standard series a-c or d-c traction motors 
are limited to comparatively low voltages by their 
commutators, and therefore the controls for these 
motors are expensive. The commutator also makes 
the construction of the motor expensive, and involves 
the troublesome difficulties inherent in mechanical 
commutation. It has been found possible to replace 
the commutator by a series of electric valves, vzz., a 
mercury arc rectifier, by the use of which the dis- 
advantages mentioned are obviated. This scheme 


can be applied to single-phase or d-c motors so that 


relatively high voltages can be used, thus reducing 
the size and weight of the copper used in the connec- 
tions. At the same time, a very desirable speed- 
tractive effort characteristic can be obtained. Fur- 
thermore, all expensive control, switching, and re- 
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VOLTAGE 
CONTROLLER 


Fig. 3. 


Elementary commutatorless motor 


versing equipment is dispensed with, while a rectifier 
and a very simple and cheap grid control is added. 

Referring to Fig. 3, it may be seen that the com- 
mutatorless motor consists of an armature winding c, 
a field winding d, and a distributor mounted on the 
shaft of the motor. An integral part of the motor is 
the grid controlled rectifier /. The complete outfit 
includes, in addition, a single phase transformer 0, a 
synchronous rotary switch, and the control battery; 
a is the trolley wire. The armature windings of the 
motor are in the stator and the field winding is on the 
rotor for the same reason that this practise generally 
is followed in the design of synchronous motors. By 
doing so cnly 2 slip rings are necessary for the field 
windings, whereas if the armature were wound on the 
rotor 4 slip rings would be required in this particular 
case, and even more for practical applications. 


In order to understand the function and operation , 


of the distributor, assume for a moment that the 
armature is on the rotor and that the field is in the 
stator. The distributor then corresponds exactly to 
the conventional commutator of a d-c machine, that 
is, it distributes or shifts the current from one arma- 
ture coil to the next at the proper moment, just as the 
conventional commutator does in a conventional 
motor. However, instead of carrying the total arma- 
ture current, or, as in a series motor, the total motor 
current, the distributor has to handle only a very 
small current—a fraction of an ampere; it controls 
the rectifier which carries the full motor current and 
performs the actual commutation. Now, consider- 
ing this motor again as it actually would be built with 
the armature stationary and the field fed by slip 
rings, it is evident that the distributor still performs 
the functions of a commutator. In other words, the 
distributor controls the flow of current through the 
various coils of the armature winding as a function of 
the position of the rotor just as a conventional com- 
mutator would do the same thing, and has no effect 
on the speed of the motor. 

In operation, let it be assumed, first, that the recti- 
fier equipment is in the position shown, and that one 
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Fig. 4. Commutatorless rectifier motor on test 


grid (of anode x) is energized positively through the 
distributor. This grid accordingly permits current 
to flow through the anode which it controls. All 
other grids will be energized negatively thus prevent- 
ing current from flowing through their anodes. As 
the primary winding of transformer 0 is energized 
from the line, a half-wave current will flow through 
the winding of rotor d and through ¢, as indicated by 
the arrows. As can readily be seen, the field pro- 
duced in the windings c, and d will produce a torque 
which causes the field d to rotate. At the proper 
time, the shaft of the motor e brings the brushes of 
the distributor to such a position that the grids of 
anodes z and x now are energized negatively, while 
the grid of anode y is energized positively, permitting 
current to flow from anode y into winding d, and 
through c,. This process is repeated in sequence for 
all windings of the stator, thereby producing a con- 
tinuously rotating motion of the rotor. 


CONTINUOUS SPEED CONTROL 


The speed of the motor is determined by the same 
factors which determine the speed of any series motor, 
whether d-c or a-c, namely, the load on the motor and 
the voltage across it. In the case of a d-c series | 
motor, the voltage across it would be determined by 
the series resistance, which can be cut in or out in 
steps; a-c series motors are controlled similarly by 
means of resistances or taps on an auto-transformer. 
Both of these schemes have their obvious disad- 
vantages as follows: 


1, The speed is regulated in steps. 
2. Aconsiderable loss in energy generally is involved. 


3. The control apparatus is expensive, becoming more expensive as. 
the number of steps is increased. | 


‘ | 
In the commutatorless motor, continuous speed| 


regulation can be obtained without loss of energy 
and with inexpensive equipment. In Fig. 3 may be} 
seen a rotary switch called the voltage controller, 
driven by a small synchronous motor from the main 
supply. This voltage controller prevents the forma- 
tion of an arc in the rectifier before a certain point in 
the cycle of the voltage wave. This point can be 
determined by shifting the position of the stationary 
contact of the voltage controller so that the anod 
can be made to pick up at the very beginning of th 
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itive half of the voltage wave, or can be entirely 
vented from picking up. Any intermediate posi- 
1, of course, can be obtained. Referring to the 
lanation of voltage control of rectifiers by means 
energized grids, it may be seen that actually the 
rage voltage across the motor is being controlled. 
this mean speed regulation of the motor is ob- 
1ed, and it is evident that this regulation is con- 
ious from zero up to the speed for which the motor 
lesigned. It is evident also that the same voltage 
troller can be used for starting the motor. 
fhe motor illustrated in Fig. 3 utilizes only one 
f of the applied voltage wave, and hence would not 
considered in a practical case. A connection 
refore is used whereby the full wave is utilized. 
reover, the armature windings are.arranged so 
t although each conductor carries only a pulsating 
directional current, each pole is energized con- 
uously for 180 electrical rotor degrees in one direc- 
n, and in the other direction for the next 180 de- 
es. Magnetic conditions in the motor therefore 
the same as in a d-c machine, and there is no 
dency for the motor to “‘lock in” at synchronous 
sub-synchronous speeds. 
[his motor has a series characteristic which is 
irable for traction purposes. A resistance can be 
nected across the stator winding, so that the 
tor can be given the characteristics of a repulsion 
tor. It is also possible to connect only the rotor 
the source of power, in which case the stator cir- 
ts_are closed only through the rectifier, and the 


stator currents are obtained by induction through the 
rotor. The stator, being then no longer connected to 
the circuit, can be wound for whatever voltage is 
found most desirable. (See Kern, Elektrische Bah- 
nen, November 1931.) 


Moror CAn OPERATE FROM DIRECT CURRENT 


Considering the magnetic conditions in the com- 
mutatorless motor, it can be shown that a motor can 
be designed to operate from a d-c source. The 
counter emf is used to enable the rectifier to com- 
mutate the current from one armature winding to 
the next. During the starting period, before suff- 
cient back emf is available, a small auxiliary machine 
supplies the commutating voltage. It is possible to 
design a motor which will operate either on 25 or 60 
cycles, or on direct current. A locomotive therefore 
can be designed which will operate on, say, 11,000- 
volt, 25-cycle main lines, and also on 3,000-volt d-c 
systems in metropolitan areas. 

Summarizing, we have a motor which can be used 
either on 25 or 60-cycle systems or on high voltage 
direct current. Starting and controlling the motor is 
effected by controlling the average d-c voltage across 
the motor without loss of energy. The motor is 
reversed merely by shifting the stationary contacts of 
the distributor 180 electrical dégrees. Regenerative 
braking is obtained by shifting the distributor and 
voltage regulator. Thus all control operations, 
starting, running, reversing, and braking of the loco- 
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Fig. 5. General layout of 1,000-hp single-phase test locomotive with rectifier grid-controlled motors 


1. Current collector 7. Main controller 13. Fan for traction motors 

9. Main switch 8. Voltage controller 14. Converter for auxiliary services 
3. Transformer 9. Motor switch 15. Air compressor 

4. Rectifier 10. Vacuum pump for rectifier 16. Master controller 

5. Traction motors 11. Cooling set for rectifier 17. Reversing switch for running end 
6. Control button 12. Cooling set for transformer recuperation of power 


PTEMBER 1932 


653 


motive, are accomplished by shifting the stationary 
contacts of the voltage controller and of the distribu- 
tor, both of which are small pieces of apparatus. 

In Fig. 4 is shown the first experimental model of 
such a commutatorless motor directly coupled to a 
generator as load, and with a commercial rectifier of 
large capacity. The control hand-wheel is visible on 
the right. 

In conclusion it is of interest to note that Brown, 
Boveri & Company, Ltd., of Baden, Switzerland, at 
present is building a single-phase locomotive to be 
operated directly with single-phase power of 50 cycles 


The Rock Island 


at 15,000 volts. The locomotive is of standard gage 
and is equipped with two motors of 500 hp, one-how 
rating, for a maximum speed of 90 km per hr (5f 
mph). (See Fig. 5.) It is designed for regenerative 
braking. This locomotive has no commutators, taj 
switches, starting resistances, or reversing switches 
in the motor circuit. All such equipment is replacec 
by a high-voltage mercury arc rectifier with contro 
grids. Tests with this locomotive will be highly sig 
nificant in view of the possible utilization of alter 
nating currents of commercial frequencies for the 
electrification of main line railroads. 


Hydroelectric Development 


First electric power development on the 
famous Columbia River, the initial 60,000- 
kw Rock Island plant also is the first ma- 
jor low head installation on the Pacific 
Coast, a territory long famous for its high 
head plants, and has the largest installed 
capacity in adjustable-vane propeller-type 
wheels of any plant in the United States. 
Some of the project's many departures 
from conventional design are revealed in 
the accompanying text and _ illustrations. 


By 
A. P. NEWBERRY 
GEORGE C. SEARS 


MEMBER A.1.E.E. 


Both of 
Puget Sound Power & 
Light Co., Seattle, Wash. 


a ROCK ISLAND hydroelectric 
plant is being built as a unit of the Puget Sound 
Power & Light Company’s system which supplies 
electric service to a large territory lying west of the 
Cascade Mountains in the State of Washington. 
The development is interesting in that it is the 
only large low head plant in a section where high 
heads are the rule and therefore presents certain 
features of design that generally are not found on the 
Pacific Coast. Further, it is the first step in the 


Full text of a paper presented informally at the A.I.E.E. Pacific Coast con- 
vention, Vancouver, B. C., Aug. 30-Sept. 2, 1932, as enlarged and rewritten 
especially for ELECTRICAL ENGINEERING through the cooperation of the Stone & 
Webster Engineering Corporation, Boston, Mass. Not published in pamphlet 
form. 
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development of the enormous power resources of the 
Columbia River, one of the most famous streams if 
North America. 

The plant is located east of the Cascades on the 
Columbia River in central Washington about Il 
miles downstream from Wenatchee. From _ the 
plant 2 130-mile 110-kv transmission lines cross the 
mountains through widely separated passes to con 
nect at different points with the company’s system 
around Puget Sound where the major portion of the 
station’s output will be used. The main powe: 
supply of the system at present is from hydro plant: 
on the west side of the mountains supplementec 
by arelatively new 80,000-kw steam-electric generat 
ing station in Seattle. While there is some diversit} 
in the various rivers due to the different altitudes o 
their watersheds, they all have the characteristic 
typical of glacially fed streams, high water in th 
spring and summer and low flow in the fall anc 
winter. Even with appreciable amounts of storag 
available to fill in the low periods, there is a natura 
reduction in hydro capacity at those times requirin 
the operation of steam stations to make up th 
deficiency. Conditions at Rock Island are suc 
that, with maximum capacity and output available 
at low water and the reduction in both occurring ai 
high water, this plant fits in admirably with th 
other stations. 


| 


WATER SUPPLY 


The Columbia River at the dam is fed by a drai 
age area of some 90,000 square miles extending fro: 
the Cascade Mountains on the west to the Rockt 
on the east, and including parts of Washingto 
Idaho, Montana, and British Columbia. 


in. in British Columbia. This upper portion of 
drainage area includes many lakes and glaciers, 
| mountain ranges almost perpetually covered with 
w. Nearly all the precipitation on the entire 
ershed comes in the winter in the form of snow 
ich lies on the ground until spring. Hence from 
ober 1 to April 1 the supply is almost entirely 
und water, maintaining a remarkably uniform 
v averaging about 40,000 cfs and rarely exceeding 
,000 cfs. As the snow melts, beginning usually 
ut April 1 on the lower lands and gradually ex- 
ding to the higher levels, there is a discharge 
adily increasing to a maximum about the middle 
June. This maximum varies widely from year 
year depending upon the amount of snow in stor- 
-and the rate of run-off. The maximum flood on 
ord since 1858 was 740,000 cfs in 1894; the 
est recorded flow about 21,000 cfs. 

Development of this potential power supply has 
n delayed until the present by limitations in- 
ent in the stream itself, and in the various power 
s available along it. The stream is so large and 
cost of construction so high in consequence that 
1as been difficult to plan an initial development 
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that would show good economy. The opinion gener- 
ally held has been that any Columbia River water 
power development would require a market larger 
than could be furnished by any one of the adjacent 
power systems. Further, the nature of the river 
channel below the dam is such that, with increasing 
flow, the water level below the dam rises much faster 
than the level above until, with extreme floods, the 
differential may be less than 20 ft. However, this 
reduction in head and consequently in plant capacity, 
comes at a time when all other plants on the system 
are at their best in productive capacity, and there- 
fore is not a handicap to economical operation. 

The Columbia basin in eastern Washington is 
underlaid by basaltic formation made up of separate 
layers or flows of lava superimposed one above the 
other. In general, these layers are horizontal and 
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in much the same position as when first deposited. 
One of these sheets of basalt forms the rapids at 
Rock Island, and is the foundation on which the dam 
is built. (See front cover.) Chief among the 
advantages that led to the selection of this location 
are (1) good foundation and favorable topography; 
(2) proximity to a transmission line already con- 


Upstream view of the Rock Island power house show- 
ing the outdoor transformers with associated forced 
air cooling equipment 


structed; 
Northern Railway; (4) amount and character of 
available power is such that it can be utilized eco- 
nomically by the power company. 


THE Dam 


The dam is a concrete structure built to develop an 
effective head of 32 ft at its initial height. Ample 
water is available for full capacity of the present 
installation at that head, but with the addition of 
more units the dam will be raised to give an effective 
head of 48 ft. Spillway capacity sufficient to pass 
extreme floods is provided by 37 gates each 30 ft 
wide, 18 of which have their sills at el 559.0, and the 
remainder at el 581.5. In the initial development a 
free crest at el 581.5 will be maintained by using gates 
to that height in the deep slots, except in very high 
water when some of these gates will be opened to 
hold the pond level within the project boundary. 
With the installation of more units, piers will be 
raised and gates placed to el 599.0 to provide the 
48-ft head. 

Requirements laid down by the Federal Power 
Commission in its construction license covering the 
project called for a design that would provide im- 
mediately for the free passage of salmon over the 
dam, and provide ultimately for the possible de- 
velopment of the upper Columbia River as a navi- 
gable stream. At present there is extensive naviga- 
tion in the lower regions of the river, particularly 
from Portland to the Pacific, but the degree to which 
the river is navigable diminishes upstream because of 
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(3) site on the main line of the Great 


the increasing number of rapids, and reefs whic 
offer serious obstruction to free navigation. Con 
templated future possible improvements of th 
upper portion of the river are based upon plan 
for securing slack water navigation by means of | 
series of locks and dams. When completed to it 
ultimate height the Rock Island dam will provide ; 
navigable pool about 14 miles long at low water. Ti 
permit the possible use of this pool for navigation 
the structure has been so designed that a lock couk 
be constructed on the river bank opposite th 
power house in place of a portion of the presen 
abutment. 

Perhaps one of the most interesting features of th 
development is the pair of fish ladders provided for th 
passage of salmon which are going upstream in vary 
ing quantities at practically all times. Because 0 
the importance of maintaining the fish run, carefu 
study was given the problem of getting them over th 
dam until final plans were worked out in conjunctior 
with state and federal authorities and a ladder wa: 
constructed in each abutment. Each of thes 
ladders is some 500 ft long and provides 45 step 
each 1 ft high, 10 ft long, and 20 ft wide. Sufficient 
water is used to assure a depth of more than a foo 
over the weirs, thereby permitting the fish to swit 
readily from one pool to the next rather than forcing 
them to jump. It is almost impossible to see the 
fish progress through the ladder, but the presence of ¢ 
normal number of salmon at points up the river in. 
dicates satisfactory operation. 


POWER HOUSE 


The power house, also of concrete, is built into the 
dam adjacent to the north abutment and, while the 
present building will accommodate only the initia 
4 units, the foundations are in for the ultimate 1? 
turbines which will require a building 880 ft long 
That the power house design embraces several un 
usual features may be seen from the accompanying 
illustrations. Perhaps one of the most interesting 
of these arises from the necessity of providing for 
the possibility of extremely high tailwater by 
eliminating from the building all windows and other 
exterior openings below the main deck, which is 
about on a level with the roof of the generator room! 
In the office bay and the control room, located above 
the deck, the design provides for the normal pro’ 
portion of windows, but throughout the plant ex 
cellent working conditions under close control aré 
provided by artificial illumination and forced ventila 
tion. 

Air conditioning equipment is installed in connec 
tion with the ventilating system and even with th 
extremes of temperature of the eastern Washingtoi 
climate satisfactory temperature control is obtained 
Winter heat is provided by drawing warm air from 
the generators and forcing it to all parts of the build) 
ing with blowers, together with sufficient air draw 
in from the outside to keep conditions at the propel 
point. In summer the generators are closed an 
their heat absorbed by air coolers, and fresh air afte 
being properly conditioned is circulated througho 
the entire building. In addition to the ventilatin{ 
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id lighting system there is a complete system of tile 
ains laid in the substructure walls to intercept 
epage through them and convey it to a sump 
hence it is removed by pumps. 


ATERWHEELS 


Waterwheel equipment as selected for the Rock 
land plant has been designed to enable the pro- 
ction of as much power as possible under a re- 
iced head, and at the same time to enable operation 
ider normal conditions without an excessive de- 
ease in operating efficiency. These wheels will 
velop 21,000 hp, equivalent to normal generator 
pacity, under a head of 32 ft, although they are 
‘signed to operate efficiently under a'head of 48 ft. 
ach wheel will produce about 9,500 hp under a 
-ft head. 

The initial installation consists of 4 vertical shaft 
its rated 21,000 hp at 32-ft head. These wheels 
e of the propeller type, with adjustable vanes 
lected because of the low and varying head condi- 
ons, and they constitute one of the largest installa- 
ons of this type in the United States. The cast 
eel runners are 18.75 ft in diameter, are designed 
operate at 100 rpm under heads varying from 
) to 48 ft, and carry 6 vanes each. To maintain 
pacity as high as possible at low head, and ef- 
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ficiency as high as possible at high head, the vanes 
are adjustable by means of a geared operating shaft 
which extends up through the hollow turbine shaft to 
the coupling between the turbine and the generator. 
Adjustments can be made only with the machine at 
rest, when changes may be made in from 5 to 10 min 
with the aid of a portable air motor. To protect 
the gear mechanism from water the runner hub and 
the gearbox are filled with a cup grease kept under 
high pressure. 

The reinforced concrete scroll case for each wheel 
is directly connected to an intake opening in the face 
of the dam, and each opening is divided into 3 head- 
gate sections each 27 ft 11 in. high by 15 ft 4 in. 
wide. Closure of the intakes may be secured by the 
insertion in each section of 2 steel gates fitted with 
rubber seals. Protection from drift is provided by 
trash racks made up of steel bars spaced on 12-in. 
centers and so arranged that electric heating may be 
used if required to combat ice. In addition to this a 
concrete curtain wall is placed upstream from the 
racks extending some 8 ft below minimum head- 
water level, serving effectively to fend off floating 
logs and ice. 

The flow of water through the wheels is regulated 
by welded steel wicket gates 9 ft high and con- 
trolled by oil pressure governors whose flyballs are 
gear driven from the turbine shaft. As is usual with 
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this type of turbine, the wheels are set below normal 
tailwater and for access to a wheel it is necessary 
that the draft tube be closed as well as the head- 
gates. Steel stoplogs are provided for insertion 
at the discharge from the draft tube and, with head- 
gates and stoplogs in place, 2 vertical pumps each of 
5,000-gpm capacity are used for unwatering the 
scroll case and draft tube. The draft tubes are of 
modified elbow design. 


ELECTRICAL EQUIPMENT 


The generators are of the umbrella type each with 
combined guide and thrust bearing below the rotor; 
each is rated 16,667 kva, 13.7 kv, 0.90 power factor, 
60 cycles. Each stator has an over-all diameter of 
28 ft 8in. A closed recirculating type of ventilating 
system equipped with air coolers of the surface type is 
provided for each main generator. Welded steel con- 
struction is used throughout and the rotor is of es- 
pecially rugged construction to withstand the run- 
away speed of 230 per cent of normal. Excitation is 
provided by 250-volt main and pilot exciters mounted 
on the top of each generator shaft, and voltage con- 
trol is secured by automatic rheostatic voltage regu- 
lators on each unit. The neutral of each generator 
is connected through an oil circuit breaker to a bus 
which is grounded through a resistor. 

Each group of 2 generators is connected through 
their respective oil circuit breakers to a 13.8-kv 
bus from which power is fed through a transformer 
bank to a 110-kv transmission line. Each bank of 
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The Rock Island control board uses steel panels both 

frontandrear. Indicating meters and control switches 

are mounted on the front panels; recording meters and 
relays on the rear panels 


3 single-phase transformers has a rating of 30,000 
kva with self-cooled operation, and 45,000 kva with 
forced air cooling. High-speed solenoid-operated 
oil circuit breakers are installed between the genera- 
tors and the bus and between the bus and the trans- 
former. A 13.8-kv transfer bus provides a means of 
interconnecting the stub buses, should operating 
conditions require it. All bus work including the 
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transformer deltas are of copper bars and are housed 
in indoor concrete cells. Each of the 2 main trans- 
former banks is connected to an outgoing 110-kv line 
through a motor-operated disconnecting switch 
which is controlled from the switchboard and inter- 
locked with the oil circuit breaker on the low voltage 
side to prevent the disconnecting switch from being 
used to interrupt power. All generators, buses, and 
transformers have individual differential protection, 
but no overload. Directional ground, and im- 
pedance relays open the 13.8-kv circuit breakers on 
the transformers in case of trouble on the transmis- 
sion lines. 

The control board is shown in one of the accom- 
panying illustrations. Individual panels are as- 
signed to each generator and to each transformer; 
2 panels are used for graphic frequency meters, total- 
izing meters, voltmeters, and special instruments. 
Control board wiring is carried on brackets along the 
edge of each panel and brought down to terminal 
blocks in a special box in the room directly below 
the board. Except where walls and mass concrete pre- 
vent, wiring is in exposed conduit, and a special room 
is provided below the electric bay for conduit racks. 

Because of the importance of auxiliary equipment 
in a station of this size, two sources of station power 
are provided. A 1,760-kva 460-volt vertical genera- 
tor driven by a propeller waterwheel rated at 2,100 
hp at 32-ft head is the primary supply; a 1,760-kva 
3-phase transformer provides a secondary supply 
from the 13.8-kv transfer bus. The 460-volt bus is 
sectionalized with automatic air circuit breakers to 
isolate any section that might be in trouble. All 
important auxiliaries are served by duplicate feeders 
energized from different sections and equipped with 
automatic throw-over switches. 


GENERAL INFORMATION 


For the handling of the heavy generating equip- 
ment, 2 80-ton cranes are installed in the generator 
room, each having also a 15-ton auxiliary hoist. 
Special lifting devices are used on the larger parts to 
reduce the headroom required for their handling. 
An 80-ton gantry crane with automatic blocks is 
used for operation of the crest gates and the head 
gates. Another 20-ton gantry is provided on the 
tailrace deck for setting the draft tube stoplogs. A 
75-ton transfer crane which traverses the building is 
used for handling material to and from the tailrace 
deck, and also for the transfer of materials and equip- 
ment from standard cars on the deck through a 
hatchway in the ceiling of the generator room to the 
floor below. | 

To give an idea of the size of the project and the 
quantities involved, the following few figures are 
quoted: 


\ 


Reservoitarea sida sheanini ie aero Ee eer eae 3,000 acres 
Totaliestinatediexcavationge tree eee eine 335,000 cu yd 
Motalyestimatediconcreter- tenn ae aoe eee enero 235,000 cu yd 
Total ultimate length of power house............... 886 ft 
Total length of dam and abutments.........:....... 38,500 ft 


The initial development when completed will make 
available in an average water-year about 480,000,000) 
kwhr, whereas the ultimate installation is expected to 
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oduce about 1,220,000,000 kwhr annually. This 
tter figure is equivalent to running the contem- 
ated 150,000-kw capacity continuously at full 
ad for 93 per cent of the time. 

In addition to the more usual exploration and test 
rings on the dam site, and observations and 
easurements of stream flow, a laboratory model of 
e entire dam site was made in order to check the 
ww condition and the discharge capacities of the 
oposed structures. This model represented a 
JOO-ft stretch of river 3,000 ft wide and was made 
1 a scale of 100 to 1. Upon this were built models 
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of the proposed dam and power house, and water in 
the proper amount was allowed to flow through these 
structures to give an index of the correctness of de- 
sign. Cofferdams also were included in the model 
experiment in order to determine in advance the 
required height of the necessary cofferdam for both 
channels of the river under the various flow condi- 
tions that were to be expected during the construc- 
tion period. Observed water levels at the dam site 
resulting from construction of the actual cofferdam 
agreed closely with the advance expectations based 
upon the laboratory model experiment. 


yf Papers to Be Presented al ihe Baltimore District Meeting 


NTERPRETIVE abstracts of all papers which at 
the time of this issue are definitely scheduled for 
esentation at the A.I.E.E. Baltimore District 
eeting (Oct. 10-13, 1932) are published herewith. 


_response to popular demand and within its space - 


nitations ELECTRICAL ENGINEERING subsequently 
ay publish certain of these papers, or technical 
ticles based upon them. 

Members vitally interested and wishing to obtain a 
mphlet copy of any paper available in that form 
ay do so by writing to the A.I.E.E. Order Dept., 33 
est 39th Street, New York, N. Y., stating title, 
thor, and publication number of each paper desired. 


15-Kv Submarine Cable Ey 


E. F. Pearson! 
G. B. Shanklin? 
W. R. Bullard® 
S. B. Clark! 


Crossing of the Columbia River 


Tue FIRST submarine installation of oil filled cables in 
s country has been made. It is a 115-kv cable crossing the 
lumbia River just north of the city limits of Portland, Ore. The 
ction of a nominal transmission voltage of 110 kv was determined 
an economic analysis based on various schemes of delivering 
tgy to load centers in the Portland area. Conditions were found 
orable for laying the cable directly on the bed of the river without 
digging of atrench. Three cables were laid 4 ft apart, and the 
re ends above extreme low water were trenched in and covered 
h 4 ft of sand. Oil filled cable was found to possess many 
rantages for this particular service and therefore was specified 
tead of cable with solid insulation. 
“he present paper, in addition to giving the reasons underlying 
principal decisions regarding the cable, includes a section on the 
ign and manufacture of the cable and accessories, a description 
she design of features incorporated in the field installation, and 
procedure followed in making the actual installation. Many 
isual construction problems were encountered but by careful 
nning were solved successfully and operation of the cable under 


Northwestern Electric Company, Portland, Ore.. 
General Electric Company, Schenectady, N. Y. 
Electric Bond and Share Company, New York, N. Y. 


PTEMBER 1932 


normal conditions since June 19, 1932, has been very satisfactory. 
Cable temperatures and oil level fluctuations have followed very 


closely the values calculated for varying load conditions. (A.I.E.E. 
paper No. 32-125) 
Thermal Transients and By 

K. W. Miller4 


Oil Demands in Cables 


F. O. Wollaston® 


Since underground power cables almost always operate 
under variable loading, it is desirable to establish their allowable 
carrying capacities on the basis of variable loading rather than upon 
the basis of some equivalent steady state loading, as is the present 
practise. For this purpose it is most useful to know what tempera- 
ture variations will occur at any point in the cable at any time due 
to an abrupt change from one constant load to another. Then any 
load curve can be handled with sufficient accuracy by breaking it 
up into a series of rectangular steps, and adding with proper time 
intervals the successive thermal transients. 

The fundamental equations were developed several years ago, 
but the numerical solution was too complicated and laborious to be 
of general practical value. A simplified method is presented in this 
paper, which employs calculating charts and other devices per- 
mitting exact and complete solutions to be obtained and verified 
in one day, in contrast to approximately one week as required by 
the former methods. The theory has been verified by measure- 
ments on actual cables of the ordinary and oil filled type. In 
addition to solutions for temperature transients due to abrupt 
load changes, precise simplified solutions for the following related 
phenomena are given: 


1. Oil demands due to abrupt load changes in oil filled cables. 
2. Temperature transients and oil demands due to load variations of any kind, 
whether abrupt or otherwise. 

Although the methods described in this paper were developed for 
problems of single-conductor cables, they can be applied also directly 
to 3-conductor cables, using a per phase basis. For oil filled 3-con- 
ductor shielded cable with round conductors, the accuracy will be 
excellent. If the conductors are sector shaped, good accuracy may 
be obtained by using the equivalent round conductors. For ordinary 
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3-conductor cable with solid fillers and no shielding, the accuracy 
will be only fair. 

The duct temperature transient is of importance in problems of 
variable loading, but has not been adequately investigated; further 
work should be done along this line. Some of the constants needed 
for use in thermal and oil-flow problems of cable insulation are 
relatively new; many of the values now in use for these constants 
are based upon only a few scattered observations and further 
laboratory and field data should be obtained. (A.I.E.E. paper No. 
32-127) 


: By 
Traveling Wave HL veminanrore 
F. H. Buller? 


Voltages in Cables W. J. Rudge, Jr.® 


Wuen a traveling wave on an overhead line reaches a 
cable, a wave of reduced voltage passes into the cable. This reduc- 
tion is due to the fact that the surge impedance of a cable is less 
than that of an overhead line. In a traveling wave the electro- 
static energy is equal to the electromagnetic energy, and the con- 
stants of a cable are such that the voltage of a traveling wave has a 
lower ratio to the current than in the case of a wave on an overhead 
line. After the wave enters the cable there are voltage and current 
reflections back and forth from each terminal. If the length of the 
original wave is great enough, there will be several superimposed 
waves at each point in the cable. The sum of these several waves 
will be dependent upon the shape of the original wave as well as 
upon the reflections. 

The reflection at the cable terminal depends upon the surge 
impedances of the cable and of the connected line or apparatus. 
In this paper, calculated values of voltage are given for a range of 
cable surge impedance from 20 to 150 ohms, and line impedances 
of 300 and 500 ohms. The calculations include the case of similar 
lines connected to each end of the cable, and the case of a line con- 
nected to one end of the cable only with a free terminal at the other; 
this latter arrangement gives the higher voltage. The traveling 
wave is assumed to enter at the ‘‘near’’ end of the cable and the 
voltage at the ‘‘far’’ end is calculated, since in general the maximum 
voltage will be found at that end. Reduction of the wave by cable 
losses is neglected, as tests have shown the losses to be small in 
500-ft and 1,000-ft lengths of cable. 

Among the results brought out in this paper are the following: 

1. Short wave fronts do not greatly affect the ultimate voltage resulting in the 
cable. 


2. Cable voltage is greater for waves which decrease more slowly with time. 
This difference is more pronounced for the shorter lengths of cable. 


3. A higher surge impedance of the line results in a lower voltage in the cable. 
This effect is greater with longer cables. 


4. Cable voltage varies widely with different cable surge impedances, the 
voltage decreasing with the impedance. 

A practical example is worked out in the paper, and suggestions 
are made for lightning arresters to limit the high voltage impulses. 
(A.I.E.E. paper No. 32-118) 


Voltage Regulation of Cables 
Used for Low Voltage By 


Rirer. Re Searinetd 
A-C Distribution ER Thomas? 


DisrriBuTION of alternating current at low voltages 
does not depend primarily upon the selection of a conductor size 
which is thermally adequate, but depends upon the voltage regula- 
tion limits which will be satisfactory for lighting, especially when 
combined lighting and power loads are,carried on the same circuit. 
Voltage regulation of a-c circuits is a function of the magnitude of 
the current, the power factor, and the circuit impedance. With 
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currents of lower power factor, the inductance component of the 
impedance becomes the major parameter affecting the voltage regu- 
lation, and for a particular circuit and load, there is an optimum 
ratio of resistance to reactance. While the resistance per unit 
length of circuit is variable, depending only upon the physical size 
of the conductor, the reactance per unit length is almost independent 
of the physical size of the conductors, and for a single circuit with 
cables, can be changed only by changes in cable construction. 

Thus in order to obtain a certain optimum ratio of resistance to 
reactance for a circuit, there are in general 3 courses of attack; 
first, for a given physical size the reactance component may be 
changed by changing the cable construction (the use of single 
conductor cable or multi-conductor cable employing either sector 
or concentric construction); second, by changes in the physical 
size of the conductor; and third, by paralleling 2 or more circuits. 

The relative voltage regulations of the different types of cable are 
given in curves presented in this paper, and it is shown that the 
regulation efficiency (that is, the amperes per 1,000 cir mils which 
will give one per cent voltage regulation per 100 ft on a 3-phase 
4-wire 120-208-v circuit) improved with the smaller wire sizes of 
cable. It is further shown that the concentric type of cable has 
the greatest efficiency, the sector type the next best efficiency, and 
the single conductor the poorest efficiency, with the twin circuits 
of single conductor cable lying between the values for single con- 
ductor cable and sector type. These data are adjusted for cost of 
cable at the factory and installed in the field, and it is shown that 
of the sizes of cable usually found in practise, 500,000-cir mil con- 
centric construction provides the most economical means for trans- 
mitting low tension alternating current where the cable is not re- 
quired to be worked alive. For cable mains, however, where it is 
necessary to work on live cables, the use of twin circuit 4/0 single- 
conductor cables is the most economical. Various phase relations 
between the several conductors are discussed. Test results indi- 
cate close agreement with the calculated values. (A.I.E.E. paper 


No. 32-119) 
Pulp Insulation By 

H. G. Walker! 

for Telephone Cables L.'s. Ford? 


Pup INSULATION is a new type of insulation that has 
been developed to replace the well known spirally wrapped ribbon 
paper insulation in certain kinds of telephone cables. It consists of a 
continuous pulp sleeving formed directly on the wire by a modified — 
paper making process. The raw material for this insulation is com- 
mercial Kraft pulp and its preparatory treatment in the beaters © 
corresponds to that given in the regular paper making process. 

The machine used to apply this pulp to the wire is a modified single | 
cylinder paper machine equipped to insulate 60 wires simultaneously. | 
The wires are taken from the supply spools by means of flyers so as to 
allow the brazing of the wire from a nearly empty spool to the wire 
on a conveniently located full spool. This gives continuous opera- 
tion. The wires are fed to the machine through an electrolytic 
cleaner for the removal of residual drawing compound. The surface 
of the mold or paper forming mechanism is divided into 60 narrow 
portions in such a way as to form that many narrow sheets con- 
tinuously. The wires are brought into contact with the mold in | 
such a way that as it rotates and forms the sheets, a single wire is 
embedded in each sheet. These sheets and wires are transferred 
from the mold to a traveling wool blanket by the pressure of the 
couch roll. The traveling blanket carries the sheets and wires 
through the presses for dewatering and consolidating, and delivers 
them to the polishers where the sheet is turned down by a rapidly 
rotating mechanism into a cylindrical wet sleeve surrounding the 
wire. The moisture is driven from the wet insulation by passage 
through a box type electric furnace one end of which is maintained 
at a rather high temperature. The insulated wire then is taken up 
on spools ready for the twisting operation. The speed of the 
machine is about 130 ft per min. 

The major difficulties in the process have been overcome and the) 
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basic properties of the insulation have been determined. Equipment 
for the production of about 225,000,000 conductor feet per week has 
been provided and the entire output of 24 and 26 A.W.G. cables is 
being made in pulp. 

These cables are designed to the same size as the ribbon paper 
cables which they replace and compare favorably with them in their 
electrical characteristics except that the mutual capacitance is 
slightly higher. The impairment in transmission efficiency due to 
the higher capacitance is more than offset, however, by the lower 
first cost of the cable. 

Standardized installation practises are followed except that a 
boiling-out compound softer and more lubricating than paraffin wax, 
is required, particularly at low temperatures. A suitable compound 
has been found by adding paraffin oil to wax in varying proportions 
depending upon the temperature at the point of splicing. The 
anticipated savings have been realized in the operation of the com- 
mercial units and the further expansion of the uses of this insulation 
is being studied. (A.I.E.E. paper No. 32-122) 


Some Phases of Electrical Testing ay 


4 . C. W. Protzman? 
in a Rubber Covered Wire Plant Ww. M. Hill? 


DiveL_opMENt of new machines and processes for 
the manufacture of rubber covered wire made possible “straight 
line’ production methods, with the elimination of process stocks 
and storage. However, the advantages of this method of produc- 
tion were reduced by the fact that the standard water test applied 
to the finished wire did not lend itself to this method of production. 

With this process a stock of wire must be kept in the test tanks 
for a minimum 12-hr period, and stored in racks for an additional 
drying period. This requires stocks of process material, and in 
addition, the water test equipment requires a relatively large area; 
also separate equipment is necessary for coiling the tested wire. 

A combined testing and coiling machine therefore was developed 
which wound the wire in coils ready for shipment and simultaneously 
furnished an electrical insulation test of the dry or “spark” type. 
The “spark’’ test involves the impression of a relatively high a-c 
voltage upon the insulation of the wire under test, with its conductor 
grounded. The entrance of a defect into this high voltage zone 
permits a flashover which actuates control apparatus to give an 
audible and visual signal and to stop the passage of the wire. 

The circuit consists fundamentally of a specially built low power 
transformer with a condenser in the high voltage circuit to boost the 
commercial frequency to several hundred cycles when this circuit 
is closed suddenly. The signal and control apparatus is connected 
in the low voltage circuit. The voltage is impressed on the wire 
by means of an electrode approximately 5 ft long through which 
the wire passes, and the defect is located accurately for patching 
or removal by means of a small fault locator or electrode which is 
placed beyond the testing electrode. 

Results of comparative checks on a large quantity of wire over an 
extended period indicated that the “spark’’ test performed more 
consistently than did the comparable water test. It is apparent 
that wider application of this method may be made by the entire 
rubber covered wire industry. (A.LE.E. paper No. 32-120) 


Use of Cables for By 


M. C. Rose?® 


Telephone Distribution Purposes 1. A. Russell” 


TeLerHon E CABLES containing large groups of 
insulated conductors in a common sheath have been developed 
rapidly since 1882; previous to that time all telephone distribution 
was by means of overhead wire plant. The present maximum sized 
cables in use contain 1,818 pairs of 26-gage conductors in a sheath 
having an outside diameter of 25/; in. The increase in the amount 
of cable in plant during the past decade in certain metropolitan 
areas, such as Baltimore, Md., and Washington, D. C., has been 
over 100 per cent, and at the present time the value of the cable 


SEPTEMBER 1932 


plant represents about 25 per cent of the total plant investment in 
these areas. 

The type of cable distribution whether underground, aerial, 
attached to building walls, or located in buildings, depends generally 
upon the character of the area to be served and the station density. 
A complete system of records continuously maintained is an essen- 
tial in the design of the distributing plant. The more important 
features of economical design include the gage requirements for 
transmission, the provision of facilities to care for existing business, 
and sufficient spare at the proper locations to care for reasonable 
expectations of growth. 

The uses of telephone cable for distribution purposes in typical 
metropolitan areas, such as Baltimore and Washington, is outlined 
in this paper, including some historical background as to the develop- 
ment of cable and the part it takes in the present over-all plant 
investment. The division of metropolitan areas into central office 
areas and the various types of distribution are discussed. The 
engineering procedure followed in the design of cable distributing 
plant to provide economically a metallic cable circuit of satisfactory 
transmission quality for each subscriber’s line to connect with the 


central office, involves the consideration of many factors. (A.I.E.E. 
paper No. 32-121) 

: By 
Safe Harbor Project No es thesnes 


Detivery of power to Baltimore, Md., from the first 
unit of the Safe Harbor hydroelectric plant on the Susquehanna 
River, began December 7, 1931, 20 months and 7 days after active 
work was started on the project site—an outstanding achievement 
in the annals of hydroelectric construction. The drought that pre- 
vailed during the construction period and the absence of high floods 
were important contributary factors to the speed with which the 
work was executed. In an average year, the Safe Harbor plant 
will generate over 800,000,000 kwhr, resulting in an annual coal 
saving in excess of 500,000 tons. 

In the lower Susquehanna basin between Columbia, Pa., and the 
Chesapeake Bay, there is a difference of elevation of about 227 ft. 
The initial development, now known as the Holtwood project, went 
into operation in 1910, and left available for future development a 
fall of about 100 ft below and 57 ft above Holtwood. The lower 
development, commonly known as the Conowingo project, was 
constructed and went into operation in 1928. The development 
of the head between Holtwood pool and Columbia, known as the 
Safe Harbor project, is the subject of this paper. 

The various features in connection with this project are discussed 
in detail. These include the reservoir conditions, hydraulic struc- 
tures, forebay, power house, and electrical features. A major prob- 
lem in electrical design at Safe Harbor has been to provide a flexible 
layout which will permit the installation as required of equipment 
for generation, transformation, and transmission at 60 cycles 
3-phase, and 25 cycles single-phase. The plant is of the most 
modern design throughout, incorporating many novel features. 
(A.LE.E. paper No. 32-123) 


Safe Harbor- Westport 
230-Kv Transmission Line 


By 


E. Hansson}3 


Sarre HARBOR development will have an ultimate 
capacity of 510,000 hp, a large portion of which will be available for 
Baltimore. During certain periods Baltimore will be dependent 
primarily upon this Safe Harbor power; therefore, reliability of 
transmission is of the utmost importance. The selection of the 
operating voltage was made only after a thorough investigation of 
the relative economic and reliability factors involved, the possibility 
of future interconnections, and system stability. Studies made in 
conjunction with the engineers of the Consolidated Gas Electric 
Light and Power Company of Baltimore covered a comparison of 
2 23-kv circuits with 6 110-kv circuits. These studies also in- 
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cluded investigation of such problems as terminal location, 2-point 
versus single-point supply, the use or omission of high voltage buses, 
and amount of synchronous condenser capacity required. An a-c 
calculating board was employed to check the results obtained by 
analytical methods. 

The decision was made finally in favor of the higher voltage as 
offering lower cost, greater reliability, and greater possibilities for 
interconnection. Voltage regulation on the city network and 
control of short-circuit currents made power delivery to each side 
of the city advisable. 

A brief description of the design of the Safe Harbor 230-kv trans- 
mission lines is presented in this paper. Attention is called to the 
separate routes of the 2 lines connecting the generating plant with 
the load center at Baltimore. The lines are the most heavily insu- 
lated so far constructed, and the ground wire protection has been 
applied according to the latest theory. Special effort has been 
made to reduce tower to ground resistances. Conductor tension 
has been kept low and armor rods are used at all suspension joints 
to guard against vibration troubles. The type of concrete anchors 
used lessens construction costs and facilitates erection of towers. 

After comparing various designs, a 795,000-cir-mil A.C.S.R. 
conductor was chosen. Much has been said about the frailty of 
A.C.S.R. and about the precautions needed to protect it against 
damage. The Safe Harbor line was strung without any special 
safeguards, yet it stands completed with only 3 repair sleeves, and 
2 of those could have been left off. (A.I.E.E paper No. 32M16) 


Reception and Distribution of Safe 


Ny. 
A. S. Loizeaux!® 


Harbor Energy in Baltimore 


Enrrcy from the Safe Harbor development was first 
received in Baltimore during December 1931, and at once took an 
important place in the energy supply of this city. Baltimore has 
both 25-cycle and 60-cycle loads, the maximum 25-cycle load 
recorded being 125,400 kw, the maximum 60-cycle load being 
104,800 kw, and maximum simultaneous load on both frequencies 
being 188,200 kw. The 25-cycle frequency was originally chosen 
for industrial purposes and for the operation of rotary converters, 
although in recent years growth on this frequency has been held 
back. Shortly after completion of the Safe Harbor-Westport 
transmission line the frequency at Baltimore was changed from 
the former value of 62'/, cycles to 60 cycles, and the older frequency 
changers were shut down. One 80,000-kw frequency changer at 
Westport now takes care of all energy interchanged between these 
2 systems. The characteristics and control of this frequency 
changer are described in the paper. 

A bank of surge proof transformers of 126,000-kva capacity step 
down the Safe Harbor energy from 230 kv to 33 kv in a new out- 
door substation. This 33-kv system ties into the 2 principal steam 
generating stations in Baltimore, and through them to the trans- 
mission system, chiefly of 13 kv, extending to Baltimore substations 
and surrounding territory. The main features of these trans- 
mission systems are described in the paper. (A.LE.E. paper No. 
32-126) 


Low Head 


B 
Hydroelectric Developments : 


A. V. Karpov'* 


Tue DESIGN of an up to date low head hydroelectric 
power plant requires a thorough understanding of the ideas and 
theories that have originated within the past few years in connection 
with such developments. The present paper is an attempt to review 
the latest work and to show some of the changes that have been 
made in the design of low head plants. 

In the eastern part of the United States, and to a greater extent 
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in Europe, power sites that could be developed economically by the 


use of conservative Francis-type turbine are diminishing rapidly. | 


Many of the remaining low head sites can be developed only by the 
use of more economical methods; that is, by turbines of the propeller 
and, particularly, the Kaplan type. Kaplan turbines have been 
in commercial use only for the past few years, the units at the Safe 
Harbor plant being among the largest of this type. It is stated 
that the development of this type of turbine was accomplished 
entirely in Europe. 

Various types of low head turbines are discussed in this paper, 
including the various theoretical and practical considerations which 
must be given each installation. Comparisons of European and 
American designs are given and future trends are indicated. It is 
stated that the runner blades and, in general, all parts of the runner 
which come in contact with flowing water in the Kaplan units at 
the Ryburg-Schworstadt plant, Germany, are machined and polished. 
In contrast to this the steel castings smoothed only by hand or by 
emory wheels at Safe Harbor probably represent a lack of proper 
machining equipment in the United States. The low setting of the 
center line of the runner at Safe Harbor, that is, 6 ft below normal 
tail-water elevation, probably is due partly to this deficiency. The 
paper indicates future trends in design. (A.IE.E. paper No. 
32M15) 


Safe Harbor By 


L. M. Davis!® 


Kaplan Turbines G. W. Spaulding 


One of the numerous features of more than usual interest 
at the Safe Harbor hydroelectric development is the application of 
the Kaplan type of automatically adjustable blade propeller turbine. 
This type of turbine is used in all 6 units of the initial installation, 
each unit rated at 42,500 hp under a rated head of 55 ft. Safe 
Harbor is the first installation in America of Kaplan type turbines 
of large capacity, although they have been used for low head de- 
velopments in Europe since 1919. 

Many new and interesting problems arose in connection with 
these Safe Harbor turbines requiring, as with any pioneering develop- 
ment of this magnitude, an unusual amount of experimental and 
engineering study involving not only the hydraulic and mechanical 
design of the plant but affecting the structural and electrical design 
as well. The absence on this continent of a hydraulic testing 
laboratory in which cavitation tests could be made resulted in the 
construction of such a laboratory at Holtwood, Pa., adjacent to the 
Holtwood hydroelectric plant. 

In addition to describing the laboratory at Holtwood and the 
tests carried out there, the paper includes the reasons for installing 
Kaplan units at Safe Harbor, together with a description of these 
units. In the laboratory, particular attention was given to cavita- 
tion, the phenomena resulting when a vacuum is formed under the 
runner blade. Tests’ on a complete model of the Safe Harbor 
intake, scroll case, wheel setting, runner, and draft tube, were made 
to determine within very close limits the highest elevation at which 
the runner could be set without danger of serious cavitation, for 
the maximum turbine power desired. 

After deciding upon the general design of tube, further studies 
were carried out along 3 lines: First, the determination of the most 
economical length of the horizontal section of the tube; second, 
the determination of the maximum upward turn of this horizontal 
leg which could be considered without sacrificing efficiency; and 
third, the determination of the proper area at the discharge end of 
the tube. 

The test program has resulted in numerous improvements in 
operating performance, and savings in construction costs. Engi- 
neers of the 2 turbine manufacturers cooperated in jointly developing 
and manufacturing turbines of identical design wherein practically 
all replaceable parts are interchangeable. 

The first 6 months of actual performance indicate that the pre- 
diction of the cavitation limits is reasonably close, although a con- 
siderably longer period will be necessary definitely to establish a 
close correlation between laboratory and field results. (A.I.E.E. 
paper No. 32-124) 


16. Safe Harbor Water Power Corporation, Baltimore, Md. 
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News 


Of Lastitute and Related Activities 


Safe Harbor development on the Susquehanna River. This plant of the Safe Harbor Water Power Corporation will be visited during the coming 
Middle Eastern District meeting of the Institute in Baltimore, Md., October 10-13, 1932, and is the subject of several interesting papers to be 
presented. Six Kaplan type turbines, each rated 42,500 hp under a head of 55 ft, are installed in this plant and are the first large Kaplan type 
units to be installed in this country 


Baltimore Meeting Program 


Includes Interesting Features 


Ae... both for power and for tele- 
phone use, and hydroelectric developments 
with particular reference to the Safe Harbor 
plant of the Safe Harbor Water Power 
Corporation on the Susquehanna River, 
are the outstanding features of the technical 
program arranged for the Institute’s Middle 
Eastern District meeting to be held in Balti- 
more, Md., October 10-13, 1932, with 
headquarters in the Lord Baltimore Hotel. 
Inspection trips and entertainment features 
round out the program and assure a worth 
while meeting in this most interesting city. 


TECHNICAL SESSIONS 


Four technical sessions will be held during 
the meeting. The first session is under the 
joint auspices of the A.I.E.E. and the 
National Research Council, with Dr. J. B. 
Whitehead presiding; it will deal with 
timely cable problems, namely, economics, 
thermal transients, and traveling wave 
voltages. Also, the paper describing the 
Columbia River 115-kv oil filled submarine 
cable installation is of particularly note- 
worthy interest. 

' The second session will present a group 
of papers on design, fabrication, test, and 
use of telephone cables, and should prove 
of wide interest. The third and fourth 
sessions will treat waterpower development 
with particular reference to the Safe Har- 
bor plant, including transmission and 
utilization of the energy; they will also 
describe the research activities at the Holt- 
wood hydraulic laboratory that culminated 
in the design of the turbine at Safe Harbor 
for operation at high efficiency under 
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partial load and with variable head. The 
generating units at Safe Harbor, each rated 
at 42,500 hp, represent the first installation 
of Kaplan type turbines of large capacity 
in America. 

The National Research Council com- 
mittee on electrical insulation has arranged 
an informal session at which results of 
recent research in the field of dielectrics 
and insulation will be discussed. 


INSPECTION TRIPS 


Among the inspection trips which have 
been arranged to various manufacturing 
plants, are those to the Bethlehem Steel 
Company’s mills at Sparrows Point, the 
refinery and wire mill of the American 
Smelting and Refining Company, and the 
telephone cable plant of the Western 
Electric Company. A trip also will be 


made to the works and high voltage labora- 


tory of the Locke Insulator Company 
where there will be a special demonstration 
involving 3,000-kv lightning impulses, and 
1,000-kv 60-cycle waves. <A _ special ex- 
cursion will be made to the Safe Harbor 
hydroelectric plant where the Kaplan 
turbines, step-up substation, 230-kv river 
crossing, and other interesting details 
may be inspected. 


OTHER FEATURES 


Baltimore has so much of general and 
historic interest to offer visitors that a sight- 
seeing and entertainment program of un- 
usual interest will be provided, including 
for the women a trip to Annapolis, the 300- 


yr old capital of Maryland which still 
retains much of the charm of Colonial days. 
Golf and tennis features also have been 
arranged in abundance. Full details of 
the entertainment features planned for the 
meeting will be given in the program folder 
now being prepared. Hotel registration 
cards will accompany this folder. 

A meeting of the board of directors will 
be held on October 13, 1932, in connection 
with this meeting. 


COMMITTEES 


The committees handling the various 
phases of the work in connection with the 
Baltimore District meeting are as follows: 


District Meeting—-W. B. Kouwenhoven, chairman, 
vice-president, Middle Eastern Dist.;| G. S. Diehl, 
secretary; A. F. Bang, F. A. Connor, K. A. Hawley, 
C. N. Johnson, L. G. Smith, J. T. Walther, and 
G. L. Weller. 

General—K. A. Hawley, chairman; J. Wells, 
secretary; J. R. Baker, A. F. Bang, G. S. Diehl, 
R. C. Faught, A. Hughes, W. B. Kouwenhoven, 
W. O. Peale, A. L. Penniman, Jr., and L. G. Smith. 
Papers—A. F. Bang, chairman; J. R. Baker, W. B. 
Kouwenhoven, J. L. D. Speer, and J. B. Whitehead. 
Hotel and Registration—-L. G. Smith, chairman; 
J. M. Barry, C. A. Brunner, F. Hamburger, and 
J. L. Hildebrandt. 

Banquet and Entertainment—W. O. Peale, chair- 
man; G.S. Diehl, R. C. Faught, C. S. Fiske, D. G. 
Howard, R. H. Lang, A. J. Pates, and C. V. O. 
Terwilliger. 

Transportation and Inspection—Adrian Hughes, 
chairman; E. W. Jahn, G. R. Page, A. Rusk, and 
I. B. Yeakle. 

Printing and Publicity—A. L. Penniman, Jr., 
chairman; J. H. Davis, A. Hughes, R. L. McCoy, 
and J. Wells. 

Golf—F. E. Ricketts, chairman; G. H. Gilbert and 
C. V. Woodward. 


Finance—W. H. Meese, chairman; F. A. Allner, 
C. M. Cohn, J. H. Davis, and F. J. Irish. 


Ladies—Mrs. J. B. Whitehead, chairman; Mrs. 
F. A. Allner, Mrs. D. G. Howard, Mrs. W. B. 
Kouwenhoven, Mrs. I. G. Smith, Mrs. C. V. O. 
Terwilliger, Mrs. R. L. Thomas, and Mrs. John 
Wells. 


Program 


All technical sessions will be held in the 
Lord Baltimore Hotel and are scheduled 
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on eastern standard time. Abstracts of 
all papers which at the time of this issue 
were definitely scheduled for presentation 
at the Baltimore District meeting are pre- 
sented in this issue of ELECTRICAL ENGI- 
NEERING, p. 659-62. 


Monday, October 10 
9:00 a.m.—Registration 


2:00 p.m.—Cables—A Joint Session of the A.I.E.E. 
and the National Research Council, Dr. J. B. 
Whitehead, presiding 


THe CotumsBia River 115-Kv Or FILLED 
SUBMARINE CaBL_ez, E. F. Pearson, Northwestern 
Electric Co., G. B. Shanklin, General Electric Co., 
W.R. Bullard, Electric Bond and Share Co., and 
S. B. Clark, Northwestern Electric Co. 


THERMAL TRANSIENTS AND Ort DEMANDS IN 
Cases, K. W. Miller, Utilities Research Com- 
mission and F. O. Wollaston, Commonwealth 
Edison Co. 

VOLTAGE REGULATION OF CABLES USED FOR 
Low Vottace A-C Disrrisution, H. R. Searing, 
The United Electric Light and Power Co. and The 
New York Edison Co., and E. R. Thomas, The 
United Electric Light and Power Co. 


TRAVELING WAVE VOLTAGES IN CABLES, 
H. G. Brinton, F. H. Buller, and W. J. Rudge, Jr., 
General Electric Co. 


Tuesday, October 11 


9:30 a.m.—Telephone Dawson 


Speer, presiding 


Cables—J. L. 


Some PHASES OF ELECTRICAL TESTING IN A 
NEw RUBBER COVERED WIRE PLANT, C. W. Protz- 
man and W. M. Hill, Western Electric Co., Inc. 

Pute INSULATION FOR TELEPHONE CABLES, 
H. G. Walker, Western Electric Co., Inc., and 
L. S. Ford, Bell Telephone Laboratories, Inc. 


USE OF CABLES FOR TELEPHONE DISTRIBUTION 
Purposes, M. C. Rose and H. A. Russell, The 
Chesapeake and Potomac Telephone Company of 
Baltimore City. 


Tuesday Afternoon 


A session of the committee on electrical insulation 
of the National Research Council, Dr. J. B. White- 
head, chairman, to be held at the school of engi- 
neering of The Johns Hopkins University. In this 
session the results of recent research in the field of 
dielectrics and insulation will be presented. In- 
formal reports of progress will be presented by 
manufacturers, scientific societies, and govern- 
mental and university laboratories. 


Wednesday, October 12 


9:30 a.m.—Safe Harbor 
Bang, presiding 


Development—A. F., 


*ECONOMIC ASPECTS OF WarER Power, F. A. 
Allner, Pennsylvania Water and Power Co. 

SareE HarsBor Project, N. B. Higgins, Pennsyl- 
vania Water and Power Co. 

Sare Harsor-WeEstport 230-Kv TRANSMISSION 
Line, E. Hansson, Pennsylvania Water and Power 
Co. 

RECEPTION AND DISTRIBUTION OF SAFE HARBOR 
ENERGY IN BALTIMORE, A. S. Loizeaux, Consoli- 
dated Gas, Electric Light, and Power Company of 
Baltimore. 


2:00 p.m.—Safe Harbor 
Baker, presiding 


Development—J. R. 


Low Heap HypDROELECTRIC DEVELOPMENTS, 
A. V. Karpov, Aluminum Company of America. 


Sarge Harspor Kapitan TuRBINES—DESIGN OF 
SETTING AND CAVITATION LIMIT AS DEVELOPED 
AT THE HorttTwoop HyprRaAuLtc LABORATORY, 
L. M. Davis and G. W. Spaulding, Safe Harbor 
Water Power Corp. 


Wednesday Afternoon 


The meeting of the National Research Couricil, 
committee on electrical insulation, will be con- 


* These papers are under consideration for pres- 
entation at the Middle Eastern District meeting, 
but up to date of going to press have not been 
officially placed upon the program. 


664 


The Sparrows Point, Md., plant of the Bethlehem Steel Company may be inspected by those 

attending the coming Middle Eastern District meeting of the Institute, October 10-13, 1932. 

Above is shown a general view of the motor room of the 27- 24- 21-in. continuous skelp 
and sheet bar mill in the Sparrows Point plant 


tinued at the engineering school of The Johns 
Hopkins University. 


Thursday, October 13 


Excursion to the Safe Harbor Plant 


Note: Arrangements will be made for those 
desiring to return home promptly to connect with 
through trains at junction points. 


RULES ON PRESENTING 
AND DISCUSSING PAPERS 


At the technical sessions papers will be 
presented in abstract, 10 minutes being 
allowed for each paper unless otherwise 
arranged, or the presiding officer meets 
with the authors preceding the session to 
arrange the order of presentation and 
allotment of time for papers and discussion. 

Any member is free to discuss any paper 
when the meeting is thrown open for general 
discussion. Usually 5 minutes are allowed 
each discusser. When a member signifies 
a desire to discuss papers on other subjects 
or groups, he shall be permitted a 5-min. 
period for each subject or group. 

It is preferable that a member who wishes 
to discuss a paper give his name before- 
hand to the presiding officer of the session 
at which the paper is to be presented. 
Copies of discussion prepared in advance 
should be left with the presiding officer. 
Each discusser is to step to the front of the 
room and announce, so that all may hear, 
his name and _ professional affiliations. 
Discussions at the technical sessions are 
not reported. To be considered for publi- 
cation, discussions should be written and 
mailed to the A.I.E.E., Editorial Depart- 
ment, 33 West 39th Street, New York, 
N. Y., on or before Oct. 28, 1932. 


1931 Proceedings of International Con- 
ference Published.—The full proceedings 
of the 1931 session of the International 
Conference on Large High Tension Electric 
Systems, held under the auspices of the 
International Electrotechnical Commission, 
has just been published (in French). They 


are in 3 bound volumes, 2,500 pages with 
600 illustrations, are published by the 
International Conference, Avenue Marceau, 
54, Paris, France, and cost 380 fr. Vol. 1 
deals with generating and transforming 
equipment, vol. 2 with transmission lines, 
and vol. 3 with network operation, protec- 
tion, and interconnection. 


Pacific Coast 
Convention Reports 


The Pacific Coast convention of the 
Institute being held at Vancouver, B. C., 
August 30 to September 2, 1932, cannot, 
of course, be reported in this issue of 
ELECTRICAL ENGINEERING, but a generai 
news story covering convention activities 
is scheduled for the October issue. It is 
hoped also that written discussion of the 
Pacific Coast convention papers will be 
mailed to the A.I.E.E. editorial department, 
33 West 39th Street, New York, N. Y., in 
sufficient time and in sufficient quantity to 
warrant the presentation of a review of 
discussion in the October issue; written 
discussions are due in New York on or 
before Sept. 16, 1932. 

The program of the Pacific Coast conven- 
tion was announced in ELEcTRICAL ENGI- 
NEERING for July 1932, p. 518-9, and ab- 
stracts of all papers then scheduled for 
presentation were given in ELECTRICAL 
ENGINEERING for August 1932, p. 583-6. 


Construction Reports for 1929.—Census 
reports of construction figures, compiled 
from data gathered in the census of dis- 
tribution for the year 1929, show the 
construction business of the contractors in 
various states for that year. These con- 
struction reports are now available for a 
number of states, and are being compiled 
for remaining states. The bulletins are 
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obtainable from the Superintendent of Doc- 
uments, Government Printing Office, Wash- 
ington, D. C., for a nominal cost. 


A.1.E.E. Directors Meet 
at Institute Headquarters 


The regular meeting of the board of di- 
rectors of the American Institute of Elec- 
trical Engineers was held at Institute head- 
quarters, New York, N. Y., on Tuesday, 
August 2, 1982. 

Present were: President—H. P. Charles- 
worth, New York, N. Y. Past-presidents— 
W.S. Lee, Charlotte, N. C.; C. E. Skinner, 
East Pittsburgh, Pa. Vice-presidents—K. 
A. Auty, Chicago, Ill.; W. E. Freeman, 
Lexington, Ky.; W. B. Kouwenhoven, 
Baltimore, Md.; E. B. Meyer, Newark, 
N. J. Diurectors—L. W. Chubb, East 
Pittsburgh, Pa.; A. B. Cooper, Toronto, 
Ont.; A. E. Knowlton, New York, N. Y.; 
G. A. Kositzky, Cleveland, Ohio; A. H. 
Lovell, Ann Arbor, Mich.; C. E. Stephens, 
New York, N. Y.; A. C. Stevens, Schenec- 
cave New Yin; Re H. Dapscott, and H.R: 
Woodrow, New York, N. Y. National 
Treasurer—W. 1. Slichter, New York, N. Y. 
Acting National Secretary—H. H. Henline, 
New York, N. Y. 

The minutes of the directors meeting of 
June 22, 1932, were approved. 

A report of a meeting of the board of 
examiners held July 27, 1932, was presented 
and approved. Upon the recommendation 
of that board, the following actions were 
taken upon pending applications: one 


applicant was transferred to the grade of 
Fellow, 4 applicants were elected to the 


grade of Member and 19 were transferred 
to the grade of Member; 31 applicants were 
elected to the grade of Associate; 11 
Students were enrolled. 

Announcement was made of the com- 
mittee appointments made by the president 
for the administrative year beginning 
August 1, 1932, and various representatives 
were appointed by the board. (The list 
of committees and representatives is given 
in this issue of ELECTRICAL ENGINEERING, 
p. 678-80.) 

In accordance with the by-laws of the 
Edison Medal committee, the board con- 
firmed appointments to the committee 
made by the president, as follows: D. C. 
Jackson, chairman for the year beginning 
August 1, 1982; Gano Dunn, S. P. Grace, 
and C. E. Stephens, for terms of 5 years 
each. Also, the board elected from its own 
membership to serve for terms of 2 years 
each: J. Allen Johnson, A. E. Knowlton, 
and R. H. Tapscott. 

In accordance with the by-laws of the 
Lamme Medal committee, the board con- 
firmed the following appointments by the 
president: P. L. Alger, H. B. Gear, and 
C. E. Skinner, for terms of 3 years each; 
C. E. Skinner, to serve as chairman for the 
year beginning August 1, 1932. 

Local honorary secretaries were re- 
appointed for the 2-yr term beginning 
August 1, 1932, as follows: V. J. F. Brain, 
for Australia; W. Elsdon-Dew, for Trans- 
vaal; A. S. Garfield, for France. 

Various matters were discussed and 
referred to appropriate committees for 
consideration and recommendation. 

Decision was made to hold the October 
meeting of the board of directors in 
Baltimore, Md., on October 138, 1982, 
during the Middle Eastern District meeting. 


Substation at the Baltimore, Md., end of the transmission line from the Safe Harbor plant on 


the Susquehanna River. 


distributed at the latter voltage to other substations located at load centers. 


Energy is transformed from 230 ky to 33 kv at this substation, and 


This substation 


may be visited during the Middle Eastern District meeting in Baltimore, Md., October 10-13 
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Other matters were discussed, reference 
to which may be found in this or future 
issues of ELECTRICAL ENGINEERING. 


Engineering Board 
Appointed for R.F.C. 


President Hoover (HM’29) has named 
the board of engineers which is to pass 
upon the engineering adequacy of projects 
for which applications for loans are made to 
the Reconstruction Finance Corporation. 
The board of 6 members consists of Charles 
D. Marx, chairman; John F. Coleman, 
John Lyle Harrington, John H. Gregory, 
Herbert G. Moulton, and Major-General 
Lytle Brown. The chairman of the board 


was selected by the president and the other 


members were selected from a list submitted 
by American Engineering Council. 

Each major geographical division of the 
country is represented on the board, and 
consideration was given the experience of 
the members along the lines that most of 
the applications for loans are expected to 
cover. The chairman, Charles D. Marx, 
is professor emeritus of civil engineering at 
Leland Stanford University, Calif., and 
occupied the chair of civil engineering at 
that institution from its establishment in 
1891 until his retirement in 1923. He has 
done considerable consulting work and has 
served as chairman of the state water com- 
mission of California. He is an honorary 
member and past-president of the American 
Society of Civil Engineers. 

John F. Coleman, New Orleans, Ala., 
has been in consulting engineering practise 
in that city since 1900, specializing in river 
and port projects, land reclamation, and 
railroad and utility valuation. He at 
one time was principal assistant city engi- 
neer of New Orleans, and also is a past- 
president of the American Society of Civil 
Engineers. 

John Lyle Harrington, Kansas City, Mo., 
is a member of the consulting engineering 
firm of Harrington & Cortelyou, Kansas 
City. Since his graduation from college in 
1895, he has been active in bridge work, 
and for the past 25 years he has carried on a 
consulting and designing practise. He isa 
past-president of The American Society of 
Mechanical Engineers. 

John H. Gregory, Baltimore, Md., is a 
consulting engineer and professor of sanitary 
engineering at Johns Hopkins University. 
He has been in sanitary engineering work 
since his graduation in 1895, first in Boston 
with the metropolitan sewerage com- 
mission and the metropolitan water board, 
and subsequently in private practise in New 
York and Baltimore. 

Herbert G. Moulton, New York, N. Y., 
is a consulting engineer specializing in 
reports for banking interests on railroad 
and mining operations and finance. Dur- 
ing the War he served with the war indus- 
tries board, and from 1915 to 1920 was 
advisor to the Public Service Commission 
of New York on timbering in the New York 
subways. 

Lytle Brown, chief of engineers, U.S. 
Army since 1929, is an ex-officio member 
of the board. He has had wide experience 
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in government work both in the engineer 
corps and on the general staff of the Army, 
and is well known for his unusual executive 
ability. 


Prominent Civil 
Engineer Dies 


Charles Warren Hunt, who was secretary 
of the American Society of Civil Engineers 
from 1895 to 1920, and then upon retire- 
ment from active service was elected secre- 
tary emeritus of that organization, died on 
July 23, 1982. He was born in New York, 
N. Y., in 1858, the son of an eminent law- 
yer, and in 1876 was graduated from a civil 
engineering course at New York University. 
In 1909 his alma mater conferred the 
honorary degree of doctor of laws upon him. 

After a few years in varied engineering 
positions, Mr. Hunt was appointed assis- 
tant secretary and librarian of the A.S.C.E. 
in 1892, and in 1895 became national secre- 
tary of that organization. In this capacity 
he was untiring in his efforts to promote the 
good of the engineering profession, and 
many important accomplishments may be 
attributed to him. 


Lincoln Arc Welding Prize Award.—A jury 
under the direction of Prof. E. E. Dreese 
(M’25) of Ohio State University, Columbus, 
awarded the prizes for papers in the second 
are welding prize competition sponsored by 
The Lincoln Electric Company of Cleve- 
land, Ohio. First prize of $7,500 was 
awarded to Lt.-Com. H. N. Wallin, U.S.N., 
and Lt. H. A. Schade, U.S.N., jointly for 
their paper ‘““The Design and Construction 
of an Arc Welded Naval Auxiliary Vessel.’ 
Second prize of $3,500 was awarded Maj. 
G. M. Barnes, U.S. Army, for his paper 
“Manufacture of Ordnance at Watertown 
Arsenal Revolutionized Through Are Weld- 
ing.’ The third prize of $1,500 was won by 


H. H. Tracy (A’26), of the Southern Cali- 
fornia Edison Company, Ltd., Los Angeles; 
the fourth prize of $750, by G. F. D. Wahl 
and H. E. Johns, Kiel, Germany; fifth prize 
of $500, by H. J. L. Bruff, Harrogate, En- 
gland; and the sixth prize of $250, by W. H. 
Zorn, Wyandotte, Mich. Thirty-five ad- 
ditional prizes of $100 each were awarded to 
writers of papers showing the application of 
and saving possible by arc welding in every 
industry. Checks for the amounts of the 
3 largest prizes were ‘“‘written’’ on 1/s in. 
sheet steel; all information on the checks 
was arc welded, a submachine gun being 
used for cancellation. 


Fast Escalators Move 


London Subway Crowds 


Increasingly heavy traffic in the London, 
England, subways recently has rendered 
inadequate the type of escalators previously 
used. Improvement plans of the London 
(Underground) Electric Railway Company, 
Ltd., required an escalator which would be 
capable not only of vertical rises higher 
than those possible with the present stand- 
ard escalator, but also capable of higher 
speeds to permit a more rapid handling of 
passengers. This resulted in designing and 
building a new escalator suitable for a maxi- 
mum vertical rise of 90 ft., capable of a 
speed of 180 ft. per min, (twice that of the 
old escalators), and computed to be capable 
of handling 16,000 persons per hr (or 
double the number of the old). 

A sample machine first was erected and 
put into operation in the Otis Elevator 
Company’s works at Harrison, N. J. After 
the usual tests it was inspected by the engi- 
neers of the London (Underground) Elec- 
tric Railway Company, Ltd., and 51 of 
these new machines were ordered. They 
are to be installed at various subway sta- 
tions in London, and for vertical rises of 
from 24 to 90 ft. 


This new escalator already is proving a 
remarkable success. The public is showing 
no hesitancy in accommodating itself to the 
higher step-speed, and of course the quicker 
transportation is popular. 


—From an article appearing in Electric Traction 
and Bus Journal for June 1932, p. 253. 


European Broadcasting Stations.—Informa- 
tion on broadcasting conditions in Euro- 
pean countries has been furnished by A. H, 
Morton (A’24) European manager of the 
Radio Corporation of America. He states 
that while European broadcasting is still 
several years behind that in America in 
programs and technique, in the opinion of 
most observers the European equipment 
is good and programs are improving. 
Russia has three stations of 100 kw each; 
Warsaw, Poland, one of 150 kw; France 
has one of 100 and one of 80. Scattered 
through Germany and Italy are 50-kw 
stations. Broadcasting is still largely under 
state influence which takes various forms; 
but in Europe interest in commercially 
sponsored programs is growing in the 
countries where it is not forbidden by regu- 
lation. 


Salary and Wage Reduction Survey Com- 
pleted.—A report which should do much to 
set at rest the vast amount of speculation as 
to the extent and severity of salary and wage 
cuts throughout the country during the 
present depression has been issued by the 
National Industrial Conference Board, 
Inc. The statistics presented are based 
upon unusually comprehensive and com- 
plete returns from 1,718 business concerns 
of every nature except agricultural, per- 
sonal, and professional pursuits. Among 
the large number of significant facts revealed 
in this analysis is that the smaller business 
and industrial concerns have made more: 
drastic reduction in salaries and wage 
scales during the present depression than 
have the larger concerns. Executive sala- 


Boulder City Emerges From the Status of a Construction Camp to a Complete City 


Boulder City, Boulder Canyon project, 
Nev., organized to take care of the con- 
struction forces employed at Hoover Dam, 
is now the model construction city of the 
United States, and represents many of our 
national ideals. Comfortable homes have 
been built to house the workers and their 
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families, dormitories and dining rooms have 
been constructed, schools, churches, and 
clubs completed, streets paved, and land- 
scaping has been carried out on a large 
scale. A municipal organization has been 
set up under a city manager to assure ade- 
quate government for the population of 


over 3,000 employed persons and _ their 

families. Over 1,000 buildings have been 

completed, about 90 per cent of these being | 
residences. Six Companies, Inc., owns the 
majority of these, although over 100 ate 
owned by the government, and an approxi- 
mately equal number by business permittees. 
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es have taken the greatest reduction, 
ith other salaries second, and wage rates 
ie smallest. It also is shown that on the 
verage, the companies making no reduction 
‘Twages have had the smallest decline in 
nployment. Another significant fact 


brought out is that there was no general 
movement to reduce salaries and wages 
until the depression had gone into its second 
year. Also in contrast with earlier de- 
pressions, salary reductions have tended to 
precede wage adjustments. 


Petters to the Editor 


ONTRIBUTIONS to these columns are invited 
om Institute members and subscribers. They 
ould be concise and may deal with technical 
upers, articles published in previous issues, or 
her subjects of some general interest and pro- 
ssional importance. ELECTRICAL ENGINEERING 
ill endeavor to publish as many letters as possible, 
it of necessity reserves the right to publish them 
_ whole or in part, or to reject them entirely. 
TATEMENTS in these letters are expressly un- 
srstood to be made by the writers; publication 
sre in no wise constitutes endorsement or recog- 
tion by the American Institute of Electrical 
ngineers. 


‘onsumption, 
Production, Distribution 


0 the Editor: 

What takes place to produce unemploy- 
lent? First we will represent the circula- 
on of money in the form of the diagram, 
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Fig. 1 


ig. 1. In this case the money is shown 
rculating from man to man in a perfectly 
‘ganized society. Each man receives his 
im at some of the money in return for 
yme kind of goods or services. 

According to the theories expressed by 
1e progress report of the American Engi- 
ering Council (‘‘The Relation of Con- 
imption, Production, Distribution,” ELEc- 
2ICAL ENGINEERING, June 1932, p. 373-9) 
1ere is some form of stoppage to this flow 
‘money, which they describe by the ex- 
ression that savings exceed investment. 
his hypothetical situation is shown by Fig. 2. 
It seems entirely probable that there is 
yme action of this kind, and that business 
delayed by irregularities in the flow of 
oney. But that this irregularity should 
> enough to cause a depression of the 
agnitude of the present seems incredible. 
That is more there is no evidence to sup- 
srt the theory. We cannot demonstrate 
iat there was any greater irregularity in 
ie flow of money in 1930 than in 1928. 
fe cannot point to the men who were 
yiding back enough money to give em- 
oyment to 5,000,000 people. 

A more reasonable theory of unemploy- 
ent is shown by Fig. 3. This shows a 
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normal circulation of money, but some men 
are left out. Instead of having in our 
community a population of 8, representing 
perhaps 8,000,000, we have but 6 and the 
other 2 are outside. There is no reason 
why a community of 6,000,000 should not 
get along indefinitely just as well as a 
community of 8,000,000. And there is no 
force in our economic system to make the 
6,000,000 gather in the other 2,000,000, for 
each one can spend all of his income by 
exchanging within his group. No one has 
anything left to hire the other outsiders. 
The problem of unemployment is to find 
some way to induce the circle to open up 
and take in the outsiders, for the mere fact 
that the outsiders are there will not induce 
any individual in the group to trade or hire 
them. At present the limiting factor ap- 
pears to be a shortage of capital. Furnish- 
ing capital is a service as much as furnishing 
labor. The supply of capital is only 
enough to permit the group to be of its 
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present size. Should more capital be saved, 

some of the capitalists would seek the out- 

siders in order to get a better and more 
profitable use for their capital. 

Very truly yours, 

A. W. Forses (A’12) 

(Forbes & Myers, 

Worcester, Mass.) 


(Editor’s Note: This letter is the third by Mr. 
Forbes discussing the economic problems covered 
in American Engineering Council’s progress report.) 


To the Editor: 


The special committee authorized by 
American. Engineering Council in 1931 to 
study the relation between consumption, 
production, and distribution ‘interpreted its 
commission as being the selection and 
recommendation of such governmental, 
financial, and business policies as will main- 
tain in the United States a standard of living 
that is high, broadly distributed, and free 
from severe fluctuations.” {| 

In attacking this problem the A.E.C. 
committee displayed excellent judgment in 
reducing the reputed number of factors 


bearing on the subject from 12 down to 8 
and perhaps the most important of these 8 
factors is that described in paragraph 5— 
“Controlling of money and credit to satisfy 
the needs of government, business, and 
individuals.” 

In publishing the full text of this A.E.C. 
committee progress report in the June 1932 
issue of ELECTRICAL ENGINEERING, p. 373-9, 
the editors have rendered a time saving 
service by bracketing points that need 
emphasizing—for example that on p. 377 
which will bear repeating: 

“The stabilization of money is another 
possibility for large scale governmental and 
financial action. The seriousness of the 
lack of control of money value (or, the 
general price level as reckoned on a properly 
selected index) is beyond the power of 
words to express, because the world prob- 
ably is in full movement on a secular de- 
cline with only minor short-lived upturns 
in prospect. It is important for govern- 
ments and financiers to reconsider their 
attitudes on this question. A steadfast 
attempt to discover a safe and reliable 
means of controlling the value of money is 
required. Instead of being a question that 
is tabooed or ignored, it should be looked 
upon as the most important financial sub- 
ject to which those in charge of the world’s 
money can devote their energy and atten- 
tion. There should be no rest until every 
possibility has been canvassed.’ 

On p. 378 money and credit is involved 
in the A.E.C. committee’s comments on 
public works, namely: ‘‘Herein lies an 
almost limitless field for the investment of 
private savings for public good that is 
socially profitable and economically sta- 
bilizing.”” In every relief bill offered, public 
works based on borrowed money have been 
discussed. Most of us believe that bor- 
rowed money should be repaid, and, as I 
write, the President’s task of figuring out 
the rate of interest on borrowed money to 
be paid various parties, is the biggest point 
to be adjusted before the huge governmental 
relief bill receives his signature. Taxpayers 
are on the anxious seat and bankers who 
have the ready money (or will borrow 
some) must obviously figure risks as well 
as profits. 

History records that Bellamy’s book of 
the late eighties, ‘‘Looking Backward,’’ 
inspired a hopefulness which was trans- 
ferred into action by men in the electrical 
industry, and apparently history is about 
to repeat itself with hopeful plans trans- 
formed into action. 

Here in Schenectady an electrical engi- 
neer from Pittsfield, Mass., recently out- 
lined a plan involving the control of money 
and credit based on public works as a money 
standard which approached the subject in 
as business-like an engineering method as 
that employed by the A.E.C. committee 
in their recent progress report, and also 
inspired hope comparable with Bellamy’s 
“Looking Backward.” 

Very truly yours, 
H. W. Turner (A’03) 
(18 Troy Place, Schenectady, 
N. Y.) 


Has Man Benefited 
by Engineering Progress? 


To the Editor: 


It seems to me that the Engineering 
Foundation’s question ‘“‘Has Man Benefited 
by Engineering Progress?’ at once asks a 
question and answers it since ‘‘progress’’ 
applies only to a beneficial course of events. 

An entirely different question would be 
“Has Man Benefited by Engineering Ac- 
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tivity?’ This last question allows inclu- 
sion of the development of war machinery 
and hence its answer calls for a critical and 
exceedingly comprehensive scrutiny of our 
present civilization. 
Very truly yours, 
P. K. SpyLer (A’26) 
(Mountain States Tel. & Tel. Co., 
Denver, Colo.) 


Magnet Steels 
and Permanent Magnets 


To the Editor: 


Under. the title of ‘‘“Magnet Steels and 
Permanent Magnets” an article was pub- 
lished by K. L. Scott in the May 1932 issue 
of ELECTRICAL ENGINEERING, p. 320-3. I 
should like to make some remarks about 
this subject, explaining theoretically the 
experimental data of the work of Scott. 
Scott measures the induction B,em in the 
middle of rectilinear bar magnets of different 
steels, lengths Z and cross-sections A, and 


finds that a 


is only a function of 


a 4 a where B, = remanence in closed 


circuit, H, = coercive force, LZ and D = 
equivalent diameter. Thus: 


Baeer/L =) 

Brin HG B, (1) 
The form of this function is given in Fig. 2 
of the article by Scott, which figure we 
reproduce here as Fig. 1. . 

Scott first tried to plot against D VH. 
but found it preferable to plot against 


; a We will show that the last method 
: 
of plotting is the one to be theoretically 
expected. 
The demagnetizing coefficient N of a 
rectilinear bar which is not too short com- 
pared to its cross-section is given by: 


N = 4x6 (1085 “3 1) (2) 


where 6 = ; (this formula is valid exactly 


for an ellipsoid and for 6 small). 
N being known for a special bar, we find 


LEGEND 


COBALT STEfL - 4 
TUNGSTEN STEEL - + 
CHROMIUM STEEL - © 
CARBON-MANGANESE STEEL-X 


the remanence B,em in the middle of the 
bar, as Fig. 2 shows, as the intersection 
point P of the line S and the demagnetiza- 


x 


tion curve, iftana = > = z (divided by 


4x because we plot B = 4r J + H instead 


of ¥%, which is the intensity of induced 
magnetization). 
Now experiments of R. L. Sandford 
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(Bureau of Standards scientific paper No. 
567 published in 1927) show that the de- 
magnetization curves of all steels have 
neatly the same shape. If we therefore 
transform Fig. 2 into Fig. 3 by introducing 


the variables B, and eh instead of B and 


H, respectively, the demagnetization curves 
of different steels fall on the same curve. 
In Fig. 3 we draw the line S making the 
angle a’ with the ordinates: 

H/H. _ Hy, Br _ Ny B 
Toyfiey,, Has Nel Bae del 


as al de 


tan a’ = 


The point P gives the value of 


middle of the bar and as the demagnetiza- 
tion curve of Fig. 3 is valid for all steels, the 


value of Fron is only a function of @’, that 


Thus: 


Brem N B, why a. B, 
Be o(e 4 me [ #*(1085 | 


In first approximation we neglect the varia- 


tion of (108 5 _ 1) so that we write: 


Kel Wrath RNS INNIS Yb Tone 
= (407) = (An) > 
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is thus a single-valued function of 5 


| = as long as (108 F — 1) may be con- 


sidered as constant, and for values of B 


Ss 
Py 

He pales | Vic 
Fig. 2 Fig. 3 


not too large, because for large B, eq. 2 
does not hold. 

As shown experimentally by Scott, the 
line in Fig. 1 through the origin and tangent 
to the curve has its point of tangency in 
the point corresponding to the point of 
maximum economy on the demagnetization 
curve (i. e., the point where B X H is at 
its maximum). 

To show this and to calculate the func- 


f L {d, : 
tion f (5 J =): that is, to calculate the 


curve of Fig. 1 we must make an assump- 
tion regarding the shape of the demagneti- 
zation curve. I found good agreement with 
experiment (see W. Elenbaas, Physica, v. 9, 
1930, p. 273) by taking the demagnetization 
curve as a quadrant of an ellipse. There- 
fore we write the equation of the demagneti- 
zation curve as: 


H? . B?* 
He F B, =1 (3) 
We find B,em as the intersection point of 


this ellipse with the line S (Fig. 2). The 
equation of S is: 


Elemee Ni 2 
Bm En (los 1) 


the origin by making 


In first approximation we regard (10¢ =. 


_ 1) as constant. 


Thus: 
H 
—_—_= 2 
B= BA (4) 
Eq. 3 and eq. 4 give: 
il 
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Here again we find that is only a 


function of x and for the form of that 
function we find: 


Bre x? 
B, i V/A? + x= 
Indeed this is a function similar to the 


curve of Fig. 1. In Fig. 4 we draw this 
function for 2 values of A, namely A = 11/, 


and A = 3, these being about the extreme 


values of A in the experiments of Scott. 


The experimental points (a large number 
of the points of Scott are plotted in Fig. 4) 
fall satisfactorily between these 2 curves, 


except some points at low values of x. 
This is probably due to the fact that 6 for 


these bars was so great, that eq. 2 did not 
hold (the greatest value of 8 used by Scott — 


1 | 
was about 5): ; 
} 


We find the point of tangency of the curve 
x2 


[Bhp ea me ees : ; 
abe ina with the line through 


Brem % 


xB, e V/A? + x! 


a maximum. 
This gives x = 4/4 
and therefore 


Bren A 


B, ay W/oaBa ae 


and in the case of an ellipse this corresponds 
indeed to the point of the demagnetization 
curve, where B X H is a maximum. The 
value !/2\/2 = 0.7 is in good agreement 
with the experimental value derived from 
the curve of Fig. 1, namely 0.65. 
In this way it is possible to interpret 
fully the curve as found by Scott. 
Very truly yours, 
W. ELENBAAS 
(Natuurkundig Laboratorium der 
N. V. Philips’ Gloeilampen- 
fabrieken, Eindhoven, Holland) | 


ELECTRICAL ENGINEERING 


avings 
and Investment 


To the Editor: 

Mr. Forbes in his letter printed in the 
‘uly 19382 issue of ELECTRICAL ENGINEERING, 
). 527, regarding the American Engineering 
Souncil’s progress report on consumption, 
roduction, and distribution, apparently put 
lis finger on the sore spot without knowing it. 

Referring to his illustration, suppose Mr. 
smith keeps the $3, saves it. Mr. Brown 
ceeps the hat. Brown may be the owner 
yf the hat factory, Smith his employee. 
Anyhow, Brown has goods for sale, Smith is 
1 prospective consumer, who has earned $3. 
No business is done, and we have ‘‘de- 
yression.”” Now if Smith’s saving is in- 
vested, it goes to work, is paid to some one 
or building ‘‘capital goods,’’ and a second 
consumer has the $3 and can buy the hat. 
[he important thing is obviously movement, 
10t a static equation showing the status of 
iny particular $3 at any particular instant. 
[he time element must be introduced. 

The difference between savings and in- 
vestment in the report is crucial; and the 
ntegration of these items over a time 
yeriod (or else the rate with respect to 
ime) is implied. It simply means finding 
the spot where the system is clogged. 
[he volume of trade is forced to decelerate 
dy diversion of purchasing power into the 
-eservoir of hoarded wealth. 

Where this hoarded wealth may be found 
1as been disclosed by much material re- 
sently published. Another way of saying 
his is that there was a contraction of 
surrency and credit. This did occur in 
1929, contrary to Mr. Forbes, and the 
grocess has continued since then. The de- 
ails involve an insight into our banking and 
sredit structure, which is beyond the scope 
of this letter. 

Very truly yours, 
C. T. Burton (A’26) 
(11388 Chamber of Commerce 
Bldg., Cincinnati, Ohio) 


Young Engineers 
Must Plan for the Future 


[o the Editor: 

For a number of years I have been 
sndeavoring to interest the most promising 
ymong our electrical engineering seniors 
ind graduate students in thinking of our 
srofession 10 to 20 years ahead of their 
ime. It usually takes that long for a 
jatural leader to reach a position in which 
le can actually lead a considerable group 
yf workers. I always wanted such men 
‘0 get at least a general idea of the directions 
n which our art and industry were moving 
it the time, so as to acquire the necessary 
nental equipment in the meantime. In 
(905 I talked to them of huge transmission 
ines and of the necessity of understanding 
1ow to compute them both electrically and 
nechanically. About 1910 we had a 
‘hosen group struggling with transient 
yhenomena and with plotting of electric 
ind magnetic fields. In 1915 I used to 
innoy my graduate students by incessantly 
alking about electrons and about the im- 
yortant role they were going to play in 
Jectrical engineering. Then came the 
Teaviside calculus, power plant stability, 
hermionics, and what not. 

For years this country has been handi- 
apped in the development of electrical 
pparatus and in understanding some 
yperating troubles by the false belief 
natural in a pioneer country with only 2 
\olitical parties) that physicists, chemists, 
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and mathematicians discover and investi- 
gate fundamental laws upon which the art 
of the engineer is based, and we engineers 
merely apply these laws and data to our 
problems. The Germans have developed 
a much more practical and flexible hierarchy 
of pure scientists, applied scientists, theo- 
retical engineers, and practical engineers, 
with almost imperceptible gradations among 
them. The result has been that in Germany 
an operating trouble can be handed down 
(or perhaps up) from a practical engineer to 
a theoretical engineer; from the latter, in a 
modified form, to an applied scientist, and 
sometimes in the form of a general problem 
even to a pure scientist. With us, until a 
few years ago, if an operating engineer had 
trouble with some oil or paint he had to 
lay his story before a professor of chemistry 
who was liable to talk to him in terms of 
hydroxi-derivatives of phenanthraquinone, 
leaving the operating man exactly where he 
was before. It was partly this unsatisfac- 
tory situation which finally led to the forma- 
tion of large research departments in our 
leading manufacturing and operating or- 
ganizations. Nevertheless, there are still 
numerous gaps in many places. We need 
several types of middlemen between the 
pure sciences and the engineering art, and 
we need them urgently. Probably such 
intermediate men are also needed in eco- 
nomics and psychology, but this is another 
story for some one else to discuss. 

It is with this idea in mind, namely, to 
increase the number of young theoretical 
engineers and applied scientists in this 
country, that I now urge intelligent students 
and former students to look forward not to 
an immediate job (or absence of one, as the 
case may be), but to a time when our 
industry shall demand an intelligent judg- 
ment about the group theory and restricted 
relativity in mathematics, theoretical spec- 
troscopy and wave mechanics in physics, 
and an interpretation of the molecular struc- 
ture and chemical reactions in terms of 
the quantum theory. All this may sound 
far fetched, but I remember the time when 
only a few chosen ones could handle alter- 
nating currents in terms of ordinary trigo- 
nometry, and when a d-c network computed 
by Kirchhoff’s laws was sometimes checked 
on a small model, “‘just to be sure.” 

It is an ill wind that blows nobody good, 
and in these days of adversity and depres- 
sion an ambitious young engineer with 
scientific leanings can do no better than to 
study the fundamental sciences and thus 
prepare himself for a place of middleman 
and interpreter in some specific problem 
of the industry of the future. The general 
tendency undoubtedly will be in the direc- 
tion of more reliance on pure sciences, more 
accurate predetermination of performance 
of apparatus, and a rational analysis of 
troubles. No matter in which suitable 
branch of mathematics, physics, chemistry, 
or mechanics he decides to become an 
expert, he will be working toward ulti- 
mately becoming ‘‘geared’”’ to the industry 
in an organic way, whereas one who shall 
place his reliance mainly upon good health, 
pleasing sociable personality, and a general 
idea of what a shunt wound d-c machine is, 
may later find himself in a long line of 
applicants with similar qualifications, all 
waiting for the same 15-dollar-a-week job. 
With the dawning socialization of the indus- 
tries, the days of the glib-tongued salesman 
and prosperity manager are about over, and 
the truly scientific engineer will be soon 
coming into his own. 

This letter is not the place to indicate 
specifically which topics I consider to be 
of importance in the future. The very 
process of finding fruitful paths of pioneer- 
ing is an important part of the proposed 
studies, as well as a test of one’s fitness for 


future leadership. Whatever subject one 
undertakes to master must be organically 
(although perhaps yet in a hidden way) 
connected with the present progress of the 
art, and not merely join it at some distant 
future. Anyone who would take the 
trouble of going over the Institute TRANS- 
ACTIONS, say for the last 10 years, keeping 
the forthcoming trends in view, will find 
any number of inspiring hints and clues. 
A similar study of the leading European 
periodicals devoted to electrical engineering 
should be the next step. Then, having 
decided to follow, say, some features of the 
science of electronics, the best American 
journals of physics should be gone over, and 
finally a detailed program of study arrived 
at. After this, it is merely a matter of 
finding suitable books and perhaps forming 
a connection with an experienced specialist 
for guidance and advice. 
Very truly yours, 
VLADIMIR KARAPETOFF (F’12) 
(Cornell University, Ithaca, N. Y.) 


Suggested Changes in 
Dielectric Nomenclature 


To the Editor: 

I note with interest the increasing effort 
on your part to make our monthly publica- 
tion a direct expression of the profession. 

I am particularly interested in your 
publication of timely letters addressed to 
the Editor. I read with much interest a 
letter by Hubert H. Race (A’24) suggesting 
changes in dielectric nomenclature (see 
ELECTRICAL ENGINEERING for May 19382, 
p. 354-5). I approve Mr. Race’s sugges- 
tions and believe there are many instances 
in which an improved nomenclature would 
make for clarity and convenience of expres- 
sion in the electrical engineering art. 

I have in mind a particular instance 
where I believe an improved nomenclature 
and the adoption of the name for a unit 
would be of advantage. I have in mind the 
unit of electric field intensity or voltage 
distribution per unit of length. This unit 
is now customarily expressed as volts per 
foot, or volts per inch, or volts per centi- 
meter. I believe a single name for this 
unit, preferably called after some dis- 
tinguished pioneer in this art, to be a 
desideratum. 

I, therefore, take the liberty of proposing 
that the c.g.s. electrostatic unit of electric 
field intensity be called the “Franklin.” 

Very truly yours, 
Wo. W. FRASER (M’27) 
(6 East 45th Street, 
New York, N. Y.) 


Patents on 
Arc Welding Generators 


To the Editor: 

We refer to p. 527, July 1932 issue of 
ELECTRICAL ENGINEERING, “Letters to the 
Editor,” entitled ‘Eliminating Transients 
in a D-C Welding Generator’ and more 
definitely with regard to the public assertion 
that J. Bethenod now has a patent on this 
double wound reactor for controlling the 
arc in a welding generator. We would like 
to have this letter published. 

The writer was granted U.S. Patent No. 
1,549,874, August 18, 1925, on this scheme. 
The scheme was invented and improved to 
practise sometime previously and if the 
patent laws of France were similar to the 
laws of the United States, Mr. Bethenod 
would not have obtained any patent on this. 
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In deference to the insinuation against 
the other 2 leading companies in are welding, 
both of these are licensed under our patent 
and are probably, accordingly, interested in 
Bethenod’s later development because in 
this country the man who does it first 
obtains the patent, and if it has been pub- 
lished, patented, described, or used in any 
other country, no patent can be obtained 
in this country. The writer believes he was 
the first to discover the use of static trans- 
former control of an are welding generator. 

This transformer arrangement of the old 
familiar series reactor is a wonderful im- 
provement, theoretically and practically. 
In self-excited machines the discharge into 
the hands of the operator is dangerous. In 
separately excited sets, the insulation 
should be of a special nature to insure that 
this doesn’t happen. The trouble lies in 
applying the induced voltage to the shunt 
field which has high values to counteract. 
The same effect can be had by applying 
this. voltage to the series field and here the 
values are so low that many times them 
are still less than the arc voltage. 

Very truly yours, 

C. J. Hotstac (M’19) 
(President, Electric Are 
Cutting & Welding Company, 
152 Jelliff Ave., Newark, N. J.) 


(Editor’s Note: This letter is an extension of one 
phase of Mr. Holslag’s letter which was published 
in ELECTRICAL ENGINEERING for January 1932, 
p. 59.) 


Standards 


Proposed Electrical Definitions 
Now Available in Report Form 


The report on the proposed ‘‘American 
Standard Electrical Definitions’? upon which 
the sectional committee on _ electrical 
definitions has been working for over 3 
years now is available in a pamphlet of 
208 pages. The project, which had its 
initiation in 1928 in the recommendation 
of the A.J.E.E. standards committee, has 
been carried on in full accordance with the 
rules of procedure of the American Stand- 
ards Association and under the sponsorship 
of the Institute. 

This work required the formation of 17 
subcommittees with a total personnel of 
about 120, the additional expert help 
sought increasing the number cooperating 
to over 300. The individual reports of the 
subcommittees have been widely circulated 
for criticism and comment in each of their 
several stages of development. Contro- 
versies on proper wording naturally have 
developed in many instances. In most 
cases, the subcommittees have been able 
to arrive at an acceptable solution within 
their own groups. In cases of overlapping 
fields the executive committee under the 
able guidance of Chairman A. E. Kennelly 
has been called into action. Even after 
the most earnest efforts to eliminate: con- 
flicting definitions, it will be noted that 
certain conflicts still exist. It was felt 
to be very desirable, however, to issue the 
report as it now stands with the hope that 
circulation in pamphlet form would result 
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not only in obtaining still further suggestions 
of a helpful nature, but might lead perhaps 
to a solution of the questions still unsettled. 

In collecting and compiling the definitions 
which served as the original basis of the 
committee’s work, it soon became evident 
that there existed conflicting definitions of 
identical terms, all having the status of 
American standards. In most such in- 
stances the sectional committee on elec- 
trical definitions has selected what appeared 
to it to be the most desirable wording. In 
other cases it has been felt desirable to 
suggest for a term or concept a wording 
differing from an accepted standard. The 
object in view always has been the develop- 
ment for each term of a wording expressing 
the meaning generally associated with it in 
electrical engineering in this country. 
When possible, definitions have been 
generalized so as not to preclude the differ- 
ent specific interpretations attached to 
particular applications. 

The sectional. committee wishes to ex- 
press its sincere appreciation of the spirit 
of cooperation which it has met on all sides, 
and acknowledges its indebtedness to all 
organizations and individuals having given 
so freely of their time and experience. The 
assistance obtained from glossaries issued 
by various technical organizations, par- 
ticularly the British, and the experience of 
the secretariat on nomenclature of the 
International Electrotechnical Commission, 
have been particularly helpful. 

The glossary in its present state is in- 
complete, but it is impractical to carry 
through the entire program at one time. 
The cost involved to date has been great; 
therefore it has been found necessary to 
make a nominal charge for copies. This 
price has been set at $1 per copy, with the 
usual 50 per cent discount to members of 
the A.I.E.E. 

Address all communications to A.I.E.E. 
Headquarters, 33 West 39th Street, New 
York, N. Y. 


Porsonal 


H. S. OsBorne (A’10, F’21) who is now 
transmission engineer of the American 
Telephone and Telegraph Company, New 
York, N. Y., is to continue his chairmanship 
of the Institute’s technical committee on 
communication for the ensuing year. He 
was born at Fayetteville, N. Y. From 
Massachusetts Institute of Technology he 
received his B.S. degree in 1908 and his 
doctor of engineering degree in 1910. Dur- 
ing his college course he engaged summers 
in engineering positions which gave him a 
varied experience. In 1910 he joined the 
engineering department of the American 
Telephone and Telegraph Company as 
engineer in the transmission and _ protec- 
tion department. Here he assisted in many 
developments in telephone and telegraph 
engineering, including quadded cable and 
the systematic study of interference in 
telephone circuits. In April 1914 he was 
made assistant to the transmission and 


protection engineer, and in this new office 
assisted in the establishment of the trans- 
continental telephone. Under the general 
direction of the transmission and protec-— 
tion engineer he also was in responsible 
charge of many important developments. 
In 1920 he was appointed transmission 
engineer and as such has assumed the 
responsibility for assisting all companies 
of the Bell Telephone System in connection 
with telephone and telegraph transmission 
and protection matters, advising regarding 
the proper use of new developments and 
carrying out exhaustive studies to deter- 
mine the most desirable plant practises. 
Mr. Osborne has served as representative 
of the Institute on the American Standards 
Association from 1923 to date, at one time 
being assistant treasurer of the A.S.A. 
He also has served on the A.I.E.E. stand- 
ards committee 1917-28 (chairman 1923— 
26); committee on education 1928-31; 
communication committee 1929-32 (chair- 
man 1931-82); technical program com- 
mittee 1924-25, 1927-29, 1931-32; and 
upon the electrical standards committee 
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of the American Standards Association as 
an alternate representative of the A.I.E.E. 
1931 to August 1932, when he was appointed 
a representative. Mr. Osborne now is 
vice-president and treasurer of the U.S. 
national committee of the International — 
Electrotechnical Commission with which — 
he has worked for many years. His | 
memberships include the American Physical | 
Society, the American Association for the 
Advancement of Science, the Acoustical 
Society of America, Engineering Founda- 
tion, Institute of Radio Engineers, and 
the Montclair (N.J.) Society of Engineers, 
of which he is also past-president. His 
contributions to technical literature have | 
been numerous. 


E. J. Ruran (A’20, M’29) supervisor of 
the test bureau of the New York Edison 
Company, with which he has been associated | 
for over a decade, has received reappoint- } 
ment as chairman of the Institute’s tech- 
nical committee on instruments and 
measurements for the current year. Brook- 
lyn, N. Y., is Mr. Rutan’s place of birth. 
After completing a course at Cornell | 
University from which he received his | 
M.E. degree with certificate in electrical | 
engineering, he joined the test department 
of the New York Edison Company in 
1919 as a tester. Within a short time he, 
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1ad advanced to foreman; then he became 
zeneral foreman, assistant superintendent, 
and ultimately superintendent. Since 1924 
ae has been in responsible charge of the 
-ompany’s test work. In 1930 the name 
of the test department was changed to test 
jureau and Mr. Rutan became supervisor; 
fhe work continued to cover all testing 
arried on by the company, including 
icceptance tests of all materials received 
n the store room, machinery for stations, 
ind all equipment for transmission and 
listribution systems. Also all special test- 
ng for development and research purposes 
s conducted in this bureau to maintain 
lectrical standards for the company in 
connection with primary standard cells, 
‘esistors, and potentiometers. Mr. Rutan 
vas a member of the Institute’s technical 
committee on protective devices, 1924-27; 
. member of the subcommittee on stand- 
ids for measurements of voltages in di- 
lectric tests, 1925-26; and in 1927 was 
ippointed to the subcommittee called to 
lraft standards for constant current trans- 
ormers; his appointment to the technical 
rogram committee took place in 1930. 
since 1926 he has served on the instruments 
nd measurements committee, having been 
ts chairman since 1930. As a member of 
he American Society for Testing Materials, 
ie has served on its committee D9 on elec- 
rical insulating materials 1927-29, and 
ow again in 1932. 


W. A. Hivitespranp (A’08, M’13) pre- 
jously electrical engineer for the Ohio 
nsulator Company Division of the Ohio 
trass Company, at Barberton, Ohio, a 
osition which he had held since 1919, has 
sturned to the academic field and in 
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August 1932 will assume new duties in 
accepting a professorship in electrical 
engineering at the University of California, 
Berkeley, Calif. In a consulting capacity 
however, he will continue his affiliation with 
his commercial interests. Graduating from 
Cornell University in 1905, Mr. Hillebrand 
extended his studies to include a year at 
Stanford University, Calif. Through em- 
ployment in the Pacific Coast office of the 
Western Electric Company 1906-7, he con- 
tinued to broaden his experience. The 
period 1907-14 was occupied as instructor 
under Doctor H. J. Ryan at Leland Stan- 
ford University and as professor of electrical 
engineering at the Oregon State College, 
Corvallis, Ore. In June 1914 he joined the 
Pacific Gas and Electric Company (Calif.); 
for 2 years he was engaged with the Federal 
Telegraph Company (Calif.) in the manu- 
facture of arc radio transmitters. His first 
identification with the Ohio Brass Company 
at Mansfield, Ohio, was as a commercial 
engineer, still centering his activities upon 
the Pacific Coast, but traveling over all 
parts of the United States and Canada, even 
spending some 8 months in Japan. In 1925 
he went to Barberton, Ohio, as consulting 
electrical engineer for the Ohio Insulator 
Division of his company, thus returning to 
his native State. Mr. Hillebrand’s place of 
birth was Perrysburg, Ohio, but he grew up in 
Washington, D.C. Besides his membership 
in the A.I.E.E., he is a member of the Insti- 
tute of Radio Engineers and also of the 
Schweizerisher Elektrolechnischer Verein of 
Zurich. 


K. L. Hansen (A’17) now carrying on a 
consulting engineering practise in Milwau- 
kee, Wis., under the company name of 
K. L. Hansen Engineering Company, Inc., 
has been appointed to serve as chairman of 
the Institute’s technical committee on 
electric welding for the current year, a 
committee of which he has been a member 
for the past 2 years. Mr. Hansen was born 
in Norway and came to the United States 
early in 1901. For 21/2 years he worked 
in various shops in Chicago, most of the 
time for the Western Electric Company, 
assembling fan motors and arc lamps. In 
the fall of 1903 he entered the University of 
Illinois. From the summer of 1905 until 
early in 1906 he found employment with 
the Chicago Edison Company, first as 
splicer’s helper in the underground cable 
department and later as substation opera- 
tor. In February of that year he removed 


to East Pittsburgh, Pa., and joined the 
Westinghouse Electric and Manufacturing 
Company, working for a year and a half 
successively as wireman, tracer, and drafts- 
man. His company then transferred him to 
the dynamo testing department where he 
remained for nearly 4 years or until he 
again was transferred, this time to the 
industrial engineering department, to be- 
come designing engineer for d-c motors 
and generators. He remained in the em- 
ploy of the Westinghouse company until in 
the fall of 1919 he left it to join the Louis 
Allis Company (then the Mechanical 
Appliance Company) of Milwaukee. Here 
again he engaged in the capacity of design- 
ing engineer, this time for a-c and d-c 
motors and generators, later becoming chief 
engineer. It was upon severing his 
connection with the Louis Allis Company 
that he entered upon consulting and de- 
velopment work of his own. The Hansen 
arc welder, first built and marketed by the 
Northwestern Manufacturing Company, of 
Milwaukee, until the early part of 1932 
and later taken over by the Harnischfeger 
Corporation of that city, was invented and 
designed by Mr. Hansen, whose own 
company, the K. L. Hansen Engineering 
Company, Inc., is now marketing it. He 
developed a number of arc welding proc- 
esses, the Hansen arc torch being one of 
them. He also holds patents, jointly with 
another, on self-starting induction motors 
and self-starting compensated induction 
motors. During the past 5 years Mr. 
Hansen has given numerous addresses 
before technical societies and conventions, 
chiefly on the subject of arc welding and 
its many applications. 


S. L. Henperson (A’12) division engi- 
neer of the power engineering department 
of the Westinghouse Electric and Manu- 
facturing Company, East Pittsburgh, Pa., 
and since 1928 a member of the Institute’s 
technical committee on electrical ma- 
chinery, has received reappointment as its 
chairman for the current term of service 
ending August 1938. Mr. Henderson is a 
native of Roxbury, Mass.; upon comple- 
tion of his public school work in Boston, he 
entered Massachusetts Institute of Tech- 
nology. In July 1910 he joined the test 
department of the Westinghouse Electric 
and Manufacturing Company at East 
Pittsburgh, and by 1912 was holding a 
position of responsibility with that com- 
pany. For a number of years he was in 
charge of turbine generator design for the 
Westinghouse company; his present work 
is in charge of design of large synchronous 
and induction motors. He also has been 
active as a committee-man for other tech- 
nical bodies of professional importance, 
having served on the American Standards 
Association’s sectional committee on rotat- 
ing machinery; A.S.A. subcommittee on 
definitions; and subcommittee 1-C on 
wave shape, of the National Electric Light 
Association’s joint committee on develop- 
ment and research in collaboration with the 
Bell System. In addition to his service 
on the electrical machinery committee of 
the A.J.E.E., Mr. Henderson has been 
active as a member of its subcommittee 
on synchronous machines. 


Owe, 


W. C. SmitH (A’07, M’26) succeeds 
R. F. Monces (A’08) to the position of 
district engineer of the San Francisco, 
Calif., office of the General Electric Com- 
pany, June 19382. Mr. Smith has been 
with the company since 1905 in varying 
capacities, joining the organization the 
same year he was graduated from the 
University of Michigan. In 1907 he be- 
came a member of the transformer engi- 
neering department and until 1918 worked 
both at Pittsfield, Mass., and Schenectady, 
N. Y., supplementing this experience with 
2 years spent in special investigations for 
his company at Denver, Colo., before tak- 
ing office at San Francisco as transformer, 
meter, and regulator specialist. He has 
been Mr. Monges’ assistant for the past 
year. In 1925 he was awarded the Coffin 
Medal, which is given annually by the 
General Electric Company, ‘“‘for the most 
signal contributions toward increase in 
efficiency or progress in the electrical arts’’; 
he is past-chairman of the company’s 
Pittsfield Section, and recently was elected 
vice-chairman of the A.I.E.E. San Fran- 
cisco Section, which he already has served 
during the past year as secretary. Other 
organizations to which he belongs are the 
San Francisco Electrical Development 
League, the San Francisco Engineers’ Club, 
the Pacific Coast Electrical Association, 
and the Astronomical Society of the Pacific 
Coast. 


W. J. Mowszray (A’03, F’31) previously 
operating as meter engineer at Cranston, 
R. I., and for the period 1919-30 research 
and test engineer as well as educational 
director for the Narragansett Electric 
Lighting Company of Providence, R. L., 
now has received his appointment as 
instructor in electrical engineering at the 
Rhode Island State College, at Kingston, 
R.I. During the whole of the above men- 
tioned period Mr. Mowbray was serving 
the New England Section of the National 
Electric Light Association on its meter 
committee, of which he for one year was 
chairman; he also was a member of the 
A.I.E.E. instruments and measurements 
committee 1924-29. 


L. A. Macraw (A’07, M’13) who at a 
recent conference was chosen to serve as 
president of the National Electric Light 
Association’s Southeastern Division, has 
relinquished the presidency of the South 
Carolina Power Company, of Charleston, 
S. C., to become president of the Central 
Illinois Public Service Company, Chicago, 
Ill. Mr. Magraw received his degree of 
B.S. in E.E. from Worcester Polytechnic 
Institute; his achievements in electrical 
engineering have been outstanding for 
over 20 years, most of them having been in 
the South where he has been active since 
1909. 


R. E. Dowerty (M’27) who last year 
resigned from his many years of service as 
consulting engineer of the General Electric 
Company, Schenectady, N. Y., to become 
professor of electrical engineering at Yale 
University, New Haven, Conn., continues 
his chairmanship of the Institute’s educa- 
tion committee for the year following 
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August 1, 1932. Mr. Doherty’s native 
State is Illinois; he was graduated from 
the University of Illinois in 1909, at that 
time receiving his B.S. degree, and later, 
in 1921, his M.S. was won from Union 
College (Schenectady, N. Y.). He entered 
upon the General Electric Company’s train- 
ing course at Schenectady in 1909 and for 
2 years was occupied in its test department. 
At the end of that time he was transferred 
to the a-c engineering department as 
proposition designing engineer. Here his 
work was observed by C. P. Steinmetz, who 
in 1920 chose Mr. Doherty as his assistant. 
It was while engaged in this work that he 
took his postgraduate course at Union 
College. The next year he became con- 
sulting engineer of the General Electric 
Company. In addition to duties devolv- 
ing upon him as consulting engineer he 
has had charge of an advanced course in 
engineering specially planned by his com- 
pany for a small and selected group of 
college graduates. This, a 3-year course, is 
practical professional work. He also was 
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a member of the General Electric Com- 
pany’s general education committee. Insti- 
tute committees upon which Mr. Doherty 
already has served are: education 1918-19, 
1926-28, 1931-382 (chairman);  electro- 
physics 1924-26; power transmission and 
distribution 1928-29; and technical pro- 
gram 1931-32. He also has served as 
chairman of the Institute’s Schenectady 
(N. Y.) Section 1926-27. Mr. Doherty’s 
contributions to technical literature have 
been numerous, both as regards papers of 
his own preparation and his discussion of 
those presented by others. 


W. P. Taytor (A’26) who ever since his 
graduation from Johns Hopkins University 
in 1928 has been associated with the Con- 
solidated Gas, Electric Light and Power 
Company, at Baltimore, Md., was chosen 
to receive the 1931 A.I.E.E. Middle Eastern 
District prizes for both best paper and 
initial paper for his contribution entitled 
“Locating Power Cable Faults by Means 
of a Constant-Current Transformer With 
Short-Circuiting Switch. Mr. Taylor was 
born at Waterbury, Conn., but practically 
all his life has been spent in the state of 
Maryland. Prior to attending Johns Hop- 
kins University, he spent 4 years in study 
in the grade schools of Stockton, Md.; his 
graduation from Johns Hopkins in 1923 


was with the degree of B.E. in E.E. Im- 
mediately thereafter his work with the 
Consolidated Gas, Electric Light and Power 
Company of Baltimore started with his 
assisting in the conducting of tests on all 
kinds of electrical apparatus in the com- 
pany’s research and test departments. His 
present work covers chiefly the planning 
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and conducting of tests on electrical appli- 
ances. One of the special investigations 
conducted was an attempt to determine the 
comparative life of various rubber com- 
pounds used as insulation for wire; another 
a study of power cable fault locating in an 
effort to eliminate some of the troubles 
commonly encountered in this field. 


R. F. Moncss (A’08) for 35 years district 
engineer of the San Francisco, Calif., office 
of the General Electric Company, retired 
as of June 1932. He is succeeded by W. C. 
SmitH (A’07, M’26), who has been with the 
company as transformer sales engineer 
and Mr. Monges’ assistant. Prior to be- 
coming district engineer, Mr. Monges 
had held office with the company as assis- 
tant engineer for 8 years; he also had spent 
2 years in the G. E. test department. This 
was immediately after his graduation from 
an electrical engineering course which he 
took at the University of California. 


C. E. Smitx (A’32) who during 1930-81 
was student engineer for the RCA Victor 
Company, Inc., at Camden, N. J., working 
in the company’s development and research 
laboratories, now has achieved the position 
of electrical engineer for The Radio Air 
Service Corporation, at Cleveland, Ohio, 
having been graduated last June from 
Ohio State University with the degree of 
M.S. in electrical communication engi-' 
neering. 


W. R. TuHorson (A’26) who at one time 
was superintendent of electrical distribution' 
for the Consumers Power Company, at! 
Hudson, Mich., and later was in the dis- 
tribution engineering department of that 
company at Jackson, Mich., now has been! 
made superintendent of public works at, 
Waverly, Ia. | 


VANNEVAR Bus (A’15, F’24) who re 
cently became vice-president and dean 0 


SLECTRICAL ENGINEERING, April 1932, p. 
86, for a brief record of Doctor Bush’s 
yrofessional record), recently received re- 
ippointment as chairman of the Institute’s 
echnical committee on _ electrophysics. 
Doctor Bush already has served an un- 
wroken record since 1924 upon this com- 
mittee; his chairmanship, dates from 
1931. 
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G. M. GrirritH (A’23) intermittently 
luring the past 6 years has been identified 
with Latin-American utilities in Cuba, 
Sosta Rica, and Venezuela; now he has 
eturned to Atlanta, Ga., where he was once 
n the engineering department of the Georgia 
Railway and Power Company, to open a 
sonsulting engineering office of his own. 


A. L. Assotr (A’06, M’18) engineer of 
the Society for Electrical Development, 
New York, N. Y., recently assumed the 
itle of engineer of the uniform legislation 
lepartment of the National Electrical 
Manufacturers Association, New York, 
N.Y. 


D. McK. Greer (A’31) who was engineer 
n the watthourmeter section of the meter 
angineering department of the Westinghouse 
Mlectric and Manufacturing Company, at 
Newark, N. J., recently became an engineer 
yf the American Instrument Company, in 
Washington, D. C. 


C. A. Brown (A’23) who has been doing 
consulting engineering work for the Union 
Sulf Line, New York, N. Y., now is south- 
astern sales representative for the De La 
Jergne Engine Company, in Philadelphia, 
7a, 


C. M. Burr (A’25) has left the 
\osition of research engineer with the 
Zogers-Majestic Corporation, Ltd., On- 
ario, Can., to return to the RCA Victor 
Sompany, Inc., of Camden, N. J., where 
‘e will serve in the research division. 


| J. L. Carr (A’24) for the past year or so 
alesman for the General Electric Com- 
any at Washington, D. C., has joined the 
*otomac Electric Power Company of that 
ame city according to notice just received 
t Institute headquarters. 


; C. I. B. Henninc (A’13) past-president 
f the Sporting Arms and Ammunition 
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Manufacturers’ Institute, New York, N. Y., 
and a stockholder in various corporations 
in this field of activity, recently retired from 
business. 


ALFRED Ruttimman (A’15) who has been 
serving the Florence Stove Company of 
Gardner, Mass., as research engineer, re- 
cently became experimental engineer for 
the Alaska Freezer Company, of Wichen- 
don, Mass. 


W. G. WooLFoLk (M’16) who has been 
doing consulting engineering work under 
the name of W. G. Woolfolk and Company, 
Chicago, Ill., recently became president of 
the Detroit City Gas Company, at Detroit, 
Mich. 


F. A. Davis (M’31) who has been with 
the Telephone Bond and Share Company, 
Kansas City, Mo., now has joined the 
Portsmouth Home Telephone Company, 
at Portsmouth, Ohio, 


E. R. Hartman (M’31) who has been 
associated with the Telephone Bond and 
Share Company, at Kansas City, Mo., 
recently joined the Nebraska Continental 
Telephone Company, at Columbus, Neb. 


J. W. Hancock (A’10) who is manager 
of the Appalachian Electric Power Company 
at Roanoke, Va., has been elected president 
of the southeastern geographic division of 
the National Electric Light Association. 


W. H. Sammis (A’20) of New York, N. Y., 
recently was elected a director of the Con- 
sumers Power Company, Jackson, Mich. 
Mr. Sammis formerly was located in the 
general offices of that company at Jackson. 


Obituary 


THADDEUS REYNOLDS BEAL (A’038) presi- 
dent and general manager of the Central 
Hudson Gas and Electric Corporation, 
Poughkeepsie, N. Y., died August 10, 1932, 
of a heart attack which came upon him 
while he was at Nantucket, Mass. Mr. 
Beal was born in New York City, June 
1870, and was educated at the College of 
the City of New York, graduating from 
its engineering course in 1889. His father, 
William Beal, was the founder of the origi- 
nal power company in Newburgh, N. Y., 
and for 12 years, through a series of con- 
solidations of Poughkeepsie, Newburgh, 
and New York City organizations, Thad- 
deus Beal found practical experience with 
the gas and electric business of these cities. 
The Central Hudson Corporation was a 
culmination of some of these consolida- 
tions, the merging of the Poughkeepsie 
Power Company and the Newburgh Gas 
and Electric Company in 1911 forming the 
nucleus. Of this new firm, formed after 
the death of his father, Mr. Beal was 
general manager, as he had been consecu- 
tively of the Newburgh Light, Heat, and 


Power Company and the Poughkeepsie 
Light, Heat, and Power Company. On the 
first of January 1927 he became president 
of a consolidation involving some 65 eastern 
gas and light concerns. Mr. Beal was a 
member of the American Gas Institute, 
the Society of Gas Lighting, the Engineers’ 
Club of New York, Delta Kappa Upsilon, 
and was on the executive board of the New 
York Y. M. C. A. He had also served 
as a naval officer during the Spanish- 
American War. 


Witi1aM Ramsey Henpry (A’05) for 
the past 25 years active in the electrical 
industry upon the West Coast, and at 
the time of his death proprietor and manager 
of the W. R. Hendry Company at Seattle, 
Wash., died recently at his home in that 
city. A native of Montreal, Can. (1875), 
he removed to Tacoma, Wash., in 1892 
and engaged with the construction depart- 
ment of the Thompson-Houston Electric 
Company. Early in 1893 he was trans- 
ferred to the general repair shop of the 
General Electric Company in Portland, 
Ore., but in the fall of the year he returned 
to Tacoma and entered the high school for 
a 2-year period. He then became armature 
winder for the City Park Railway Com- 
pany, Tacoma, for 2 years, after which he 
was identified with the Bernard’s Bay 
Mining and Milling Company, Seward City, 
Alaska, for a year, in charge of the installa- 
tion and operation of lighting and power 
machinery. His next affiliation was with 
the Coney Island and Brooklyn Railroad 
Company, Brooklyn, N. Y. The latter 
part of 1900 found him chief electrician 
for the Merritt Air Brake Company of 
New York City, a position which he held 
until his return West in 1902 to work in the 
construction and operating departments, 
and later the contracting department, of 
the Snoqualmie Falls Power Company, 
Seattle, Wash. His own Company was 
established in 1911. 


GEORGE FRAME FERGUSON (A’15, M’28) 
late of Arthur D. Riley and Company, Ltd., 
Auckland, N. Z., where he held the office 
of consulting and construction engineer, 
died there recently. Auckland was Mr. 
Ferguson’s birthplace; there too he received 
his early education at the so-called ‘‘state 
school’ and a course in electrical engineering 
at the local technical college. In 1906 
when 20 years of age he came to the United 
States and engaged with the Commonwealth 
Edison Company of Chicago, IIl., remaining 
there until 1910. Returning to New 
Zealand, the period from 1911 to 1925 was 
spent in various hydroelectric undertakings 
as assistant engineef on the Horo Hora 
development, the Lake Coleridge works, 
in the government’s hydroelectric depart- 
ment at Tasmania, in charge of high tension 
design and construction, and with the South- 
land Power Board on hydroelectric works 
and distribution. He then returned to 
Auckland to become manager of the elec- 
trical department of Arthur D. Riley and 
Company, Ltd., representing Ferranti, 
Ltd., the Telegraph Condenser Company, 
the Electric Construction Company, and 
others, carrying out some of the largest 
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contracts in New Zealand, where he was 
recognized as a capable member of his 
profession. He was an associate member 
of the Institution of Electrical Engineering, 
London, Eng., and a chartered, registered 
electrical engineer. 


H. O. Swosopa (A’14, M’27) consulting 
electrical and mechanical engineer at 
Pittsburgh, Pa., and president and treasurer 
of H. O. Swoboda, Inc., died June 30, 1932, 
in the Pennsylvania Hospital of that city 
after a short illness. Mr. Swoboda was 
born in Buchholz, Saxony, 
February 4, 1870, and received both his 
primary and early technical training abroad. 
He was a graduate of the technical uni- 
versity at Darmstadt, Germany. From 
1890 to 1892 he was employed by Siemens 
and Halske, Berlin, Germany, as electrical 
engineer. He then came to the United 
States and joined the General Incandescent 
Arc Light Company of New York, N. Y., 
as chief electrical engineer and general 
superintendent. From 1899 to 1902 he 
held a similar position with The Falcon 
~ Electric and Manufacturing Company; 
from 1902 to 1907 he was employed by the 
H. O. S. Engineering Company, at Newark, 
N. J.; dating from 1908 he was for 2 
years consulting electrical and mechanical 
engineer in New York City. In 1910 he 
joined the Westinghouse Electric and 
Manufacturing Company at East Pitts- 
burgh, as assistant superintendent, but in 
1912, returned to his consulting work, 
establishing his own office in the city of 
Pittsburgh. Mr. Swoboda also has been 
a liberal contributor to scientific and tech- 
nical literature. He was a registered pro- 
fessional engineer of the state of Pennsyl- 
vania, and his memberships included The 
American Society of Mechanical Engineers, 
the German technical society Technischer 
Verein, and the American Society for Steel 
Treating. His social activities embraced 
those of the Lincoln Club of Pittsburgh 
and the Pittsburgh Athletic Association. 


RupotpH ROSENSTENGEL (A’05)  pro- 
fessor of electrical engineering at Gettys- 
burg College, Gettysburg, Pa., died sud- 
denly August 1, 1932, as the result of an 
embolism. He was 61 years of age and was 
born in St. Louis, Mo. In 1894 he was 
graduated from an electrical engineering 
course at the University of Wisconsin, his 
earlier education having been acquired 
in the public schools of Madison, Wis. 
For 2 years after leaving college, Mr. 
Rosenstengel was with the Christensen 
Engineering Company of Milwaukee in 
the capacity of draftsman; later he also 
performed 2 years of similar work for N. A. 
Christensen, also of Milwaukee, still later 
spending a period of 8 months in the design 
of several small electric motors in connection 
with these same interests. He then joined 
the Brodessor Elevator Manufacturing 
Company, but a year and a half later severed 
this connection to identify himself with the 
Mechanical Appliance Company of Mil- 
waukee. In September of the year 1905 
he was chosen as instructor in mechanical 
engineering at the Michigan Agricultural 
College. 
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Germany, 


Local Meetings 


Future Section Meetings 


Dallas 


September 19—Buffet supper at University Club. 
REPORT OF SUMMER CONVENTION, by O. S. Hocka- 
day, delegate. TRIBUTE TO VICE-PRESIDENT G. A. 
MILLs AND DrrReEcrTor B. D. HULL, by J. B. Thomas. 
Response by Messrs. Mills and Hull. 


Lehigh Valley 


October 1—Inspection trip through the Reading 
Railway electrification at Philadelphia. 


Past Section Meetings 


Mexico 

PoweER SALES AND THE ENGINEER, by J. M. Zil- 
boorg, Cia Hidroelectrica Guanajuatense. E. F. 
Lopez, chmn., gave a report of the summer conven- 


tion held at Cleveland, Ohio. 
Att. 22. 


Montana 


Dinner. July 21. 


Business meeting. July 19. Att. 6. ; 
Niagara Frontier 


Executive committee meeting. 
10. 


Past Branch Meetings 


Drexel Institute 


July 25. Att, 


WIND POWER GENERATING STATIONS, by F. P. 
States, student. July 20. Att. 9. 
FrIxep Ratio SYNCHRONOUS FREQUENCY Con- 


VERTERS, by S. I. Croney. August 3. Att. 9. 
University of Louisville 
Atomic ENERGY, by R. B. Craig, student, 


New Type Evecrric Crock, by L. B. Bryan; 
student. 


Evasl arent Notes 


Of the Engincerima Societies | ey bea Service 


Men 
Available 


Construction 


GRAD. E.E., 29; 5 yr. supervisory construction, 
design, estimating and field engg. experience on 
super-pwr. plants and substations; 4 yr. industrial 
power plant operation, elec. construction and 
maintenance experience; ry. electrification constr. 
experience. C-4428. 


EXPERIENCED ELECTRICIAN. | Col. grad. 
Wide experience in all branches of elec. installation 
and service including radio and photoelectricity, 
desires connection with movie studio. Location 
and salary no object. D-1309. 


E.E. GRAD., 1928, U. of Kansas, 27, married, 
21/2 yr. technical experience in telephone pole line 
constr. and maintenance with Am. Tel. & Tel. Co. 
Six months experience as city engr., 2 yr. experience 
in highway engg. and reinforced concrete design 
and construction. Available immediately, loca- 
tion, immaterial. D-1342. 


OUTSIDE PLANT ENGR., 27, single, B.S. in 
E.E. from Sheffield Scientific Sch. in 1927. One 
yr. experience in testing d-c ry. car lighting equip., 
4 yr. design and application of pole line and under- 
ground hardware for telephone plant. D-1305. 


Design and Development 


ENGR., 31; 12 yr. Bell system and govt. plant 
and field experience on sound picture, radio and 
telephone (manual, dial, repeater and carrier cur- 
rent) systems. Design and devpt. of manual and 
automatic elec. testing equip. Industrial applica- 
re electron tubes. Available immediately. 


REFRIGERATION ENGR., 33, married, 
A.B., E.E., also member Phi Beta Kappa and Sigma 
Xi. Extensive esperlenee in designing Ranco ther- 
mostatic relays, 11/2 yr. experience in study and 
design of humidity and room temperature control 


apparatus. Desires work with refrigerator mfr., or 
co. in air-conditioning field. Best of references. 
D-1310. 


DEVPT. AND DESIGN ENGR., B.S., E.E., 35, 
married; 11 yr. experience elec. construction and 
design, also devpt., assembly, and testing of oil & 
gas elec. equip. including engine testing and devpt. 
of elec. control and engine cooling systems. Can 
assume full responsibility of devpt. program. 
ee immediately. Location, immaterial. 
D-1277. 


MECH. AND ELEC. ENGR., inventive, 
analytical, mature; 30 yr. designing engr. G.E,, 
Crocker Wheeler and Westinghouse. Wide ex-— 
perience in motor control systems and apparatus. 
Inventions extensively used. Desires devpt. work 
in same or related fields or as consultant. Salary 
to suit location and duties. A-2110. 


E.E. GRAD., single, 8 yr. switchboard and motor 
control designing, pricing, specifying, and writing 
specifications. Qualified designer, estimator, in- 
spector, or genl., resident, operating and consulting 


engr. Excellent references from 2 elec. mfg. com- 
pene Available immediately. Location, U.S. 


E.E., 32, col. grad., 81/2 yr. diversified experience 
including test and central station engg. with G.E. 
Cow design, construction and system devpt. for a 
large utility; plant engg. with a large industrial © 
concern; also 11/2 yr. small plant power and re-— 


frigeration operation and maintenance. C-5727. | 
| 


DISTRIBUTION, design, or mfg. engr., E.E. 
grad., 27, married, 6 yr. experience with Westing- 
house on distribution, special and small transformer 
designs. Desires responsible position as trans- 
tormer design, devpt. or mfg. engr. of elec. engr. for 
mfg., utility, holding co., or where knowledge of a 
big company’s methods may be used. Available 
immediately. D-963. 


E.E., univ. grad., elec. pwr. experience, both 
design work and construction and maintenance 
work, desires position with pwr. or mfg. organiza- 
tion offering permanent or temp. position in officéo ory 
field. B-1923. 


Executives 


INDUSTRIAL AND CENTRAL STATION } 
ENGR., Cornell grad. Married, 15 yr. practical 
experience on design, installation and operation | 
of manual and automatic elec. control for industrial } 
and central station application. Available Sept. 1. 
Capable executive. D-1273. 


PLANT ENGR., ASST. EXEC., E.E.-M.E. : 
grad., 20 yr. broad experience in and with mech. 
trades on construction and plant maintenance; in} 
modern design, manufacture and installation 0 : 
equip.; design and layout of plant. Special train-i 
ing and experience in metallurgy, concrete, elec. i 


; 


arc welding, Senay Sonat» specifications, business}: 
mgmt.,sales. C-4519 1 


EXEC. ASST. available, E.E. grad., 37; 12 yr 
utility experience. Appraisal work of. powet} 
plants, substations, transmission and distributiony, 


: i 
systems, rate investigations covering industriall. 


rvice, residential and commercial, cost studies, 
atistical research, operation in plant, equip. and 
nes. G.E.test course. B-9782. 


INDUSTRIAL PLANT ELEC. EFFICIENCY 
XPERT, 36, with steam engg. and elec. engg. 
iploma and 12 yr. industrial plant experience, 


esires position with opportunity. Will go any- 
here. B-7004. 


ELEC. AND CHEM. ENGR., experienced in 
1. and tel. communication including devpt., mfg., 
nd operation, 37, married. Can fill any suitable 
osition requiring initiative, wide experience, anda 


ge acquaintanceship in the communication indus- 
y. C-1971. 


E.E. GRAD., 38; 17 yr. experience, constriic- 
on, installation, maintenance, inspections, tests, 
wr. plants and substations, distribution (high and 
ee tension), 1 yr. operating, familiar with So. 

., speaks several languages. Available at once, 
Baie orabroad. Best of references. C-2021 


E.E. GRAD., 46, married. G.E. test followed 
y 20 yr. experience in transformer design and 
lanufacture with the large companies. Desires 
onnection with elec. mfr. or pwr. co. Available 


nshort notice. C-8806 
E-E., M.I.T.; 1921; Columbia Univ.; 32, 
arried. Engr., consultant, editor, tech. sales 


sp. Broad exper., U.S., Canada, communication 
pparatus, circuits; telephone, telegraph; voice, 
arrier, radio frequency; amplifiers, sound pictures, 
rogram transmission. Built, directed electro- 
coustic testing lab. Experience, employment; 
atent consideration, court testimony; magazine, 
ewspaper publishing; lecturing; publicity. Pre- 
sr New York. D-1315. 


E.E., B.S. in E.E., Iowa St. Col. 1929; 32, single, 
rorked way through col. 3 yr. group leader, 
Vestinghouse transformer test, including power, 


istr.; and instrument transformers, a-c welding 
utfits, special apparatus. Liberal shop experi- 
nce. Interested, exec. position, supervision, 


Refer- 
Available immedi- 


esign, and constr.; inspection and testing. 
neces. Location immaterial. 
tely. D-1081. 


E.E., univ. grad., pwr. experience, desires position 
ith pwr. or mfg. co. Devpt. work preferred, but 
ot essential. B-1923. 


E.E., 20 yr. experience in design, maintenance, 
nd construction of central and substations; equip. 
f buildings and industrial plants, desires a connec- 
ion with utility or factory. Specialized work, in 
rotective circuits, metering problems; automatic 
lec. control of conveyors, substations, condensers, 
nd combustion systems for boilers. B-7290 


ENGR.-ACCOUNTANT. E. E. deg., 1912, 
Decial study in accounting, exec. experience, 10 yr. 
ith pub. serv. commission and 7 yr. mgmt, corp. 
iaking appraisals, audits, rate studies, and investi- 
ations all classes utilities both U.S. and Latin 


merica. Available soon. C-2569. 

aspection 

GRAD. E.E., 1927, single, 3 yr. experience as 
ispection engr. and supervisor; 1 yr. of meter 
sting. Location in the East. Available im- 
1ediately. C-3213. 

astruction 


M.E.; M.S., 26, single. Four yr. experience in 
slephone work. Desires teaching or engg. work of 
ny nature except sales. Sy aiabl immediately. 
ocation, immaterial. D-122 


GRAD. E.E., 7 yr. teaching, 18 yr. practical 
perience. 
gas, 


Last 12 yr. in mechanical lines; 


eam, air, and water engg., ore and alkali 


plants, handling, conveying, and process equp. 
Taught heat pwr. engg. at Oregon St. Col. and 
elec. lab. at Beaune, France. Location, immate- 
rial. A-3651. 


E.E. GRAD., 1930, 27, single. Fourteen months 


G.E. test. Five months assignment in G.E. 
research lab. Experience also includes teaching 
E.E. subjects for 7 months. Desires position 


as instructor in E.E. subjects or physics with 
opportunity of taking grad. work. D-136. 


PROFESSOR, B.S. (E.E.), M.S., and E.E. deg., 
Colorado and Cornell, 38, 9 yr. experience teaching 
elec. engg. subjects and engg. physics, 9 yr. practical 
epeeaiee in varied fields. Available for Sept. 
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INSTRUCTOR, elec. lab. and trade training. 
grad. Lowell Inst. auspices M.I.T., elec. and indus- 
trial mgmt. courses, Mass. and Conn. teacher’s 
certificate, 44, married. Twenty yr. elec. utility 
operating experience, maintenance _ electrician, 
contracting, secy. Elec. Lines Club, chairman meet- 
ing and papers committee, Mass. Assn. Municipal 
Elec. Inspectors. C-8411. 


PHYSICIST, 49, married., Ph.D. Seven yr. 
univ. teaching experience, Yale, U. of Ill.; 1 yr. 
study, Rutherford, England. Fifteen yr. experi- 
ence, directing, carrying on research in heat trans- 
mission and phases elec. and mech. lines 2 large in- 
dustrial concerns. Present position being dis- 
continued. Desires position of responsibility, 
univ. teaching or in industrial research. D-1366. 


E.E. GRAD., 26, single, excellent physical condi- 
tion. One yr. experience installation, testing 
telephone exchange equip. Three yr. teaching 
pub. sch. Grad. small bus. col. Considerable 
training, experience, selling. Not afraid of hard 
work. Interested in position requiring engg. knowl- 
edge or teaching experience. Excellent references. 
Correspondence invited. Location, immaterial. 
Available immediately. D-1076. 


E.E., married, good health and strong physique, 
M.S. in E.E. 1932 with thesis on mercury tube 
voltage regulator, 3 yr. teaching engg. drawing 
and descriptive geometry in large univ., clever in 
adjustment and repair of mech, and elec. devices, 
machinist experience. Westinghouse grad. student. 
Foie teaching position, but anything considered. 
D-445. 


MECH.-ELEC. ENGR., 32, 4 yr. Cornell design 
instructor; 5 yr. Allis-Chalmers design; liberal 
shop experience; 5 yr. cooperative apprenticeship. 
Will consider anything, anywhere, now available. 
Salary open. D-122. 


Junior Engineers 


E.E. GRAD., U. of Pittsburgh, 1932, single, 27. 
Five yr. various elec. experience including wiring, 
radio, substation operation and maintenance, 
experience on oil circuit breakers, and several 


months’ experience testing pwr. relays. Prefers 
position with utility. D-1249. 
GRAD. E.EF., 29, single. Desires connection 


with constr., utility, mfg. or holding co. Five yr. 
experience designing both a-c and d-c motors with 
large elec. mfg. co. Aggressive and capable of 
assuming responsibility. Excellent references. 


Available immediately. D-944 
RECENT RENSSELAER POLY.) INST: 
GRAD., E.E., 1932; Sigma Xi; single; 22. 


Summer experience in engg. and_ standardization 
dept. of large mfg. concern. Desires work in any 


engg. field. Salary and location secondary. 
Available immediately. D-1296. 

B.S. in E.E., 1931, Armour Tech., 23, single, 
experience, 6 mos. telephone, 3 mos. G.E. Co. 


ENGINEERING SOCIETIES 


57 Post St. 


San Francisco Chicago 


AINTAINED by the national societies of civil, 

mining, mechanical, and electrical engineers, 

in cooperation with the Western Society of Engi- 

neers, Chicago, and the Engineers’ Club of San 

Francisco. A\n inquiry addressed to any of the 

three offices will bring full information concerning 
the services of this bureau. 


Men Available.—Brief announcements will be 
published without charge; repeated only upon 
specific request and after one month's interval. 
Names and records remain on file for three months, 
renewable upon request. Send announcements 
direct to Employment Service, 31 West 39th Street, 
New York, N. Y., to arrive not later than the 
fifteenth of the month. 


er et 


are.» 4 


La ee AN 


EPTEMBER 1932 


905 West Wacker Drive 


EMPLOYMENT SERVICE 


31 West 39th St. 
New York 


Opportunities.—A weekly bulletin of engineer- 
ing positions open is available to members of the 
cooperating societies at a subscription of $3 per 
quarter or $10 per annum, payable in advance. 


Voluntary Contributions.—Members benefiting 
through this service are invited to assist in its further- 
ance by personal contributions made within 30 
days after placement on the basis of 1.5 per cent of 
the first year’s salary. 


Answers to Announcements.—Address the key 
number indicated in each case and mail to the New 
York office, with an extra two-cent stamp enclosed 
for forwarding. 


Speaks Ger- 
Loca- 


student, 7 mos. utility co. student. 
man well, wants work. Salary secondary. 
tion, immaterial. D-1072 


GRAD. E.E., B.S., A.B. from a foreign univ., 
desires position with a mfg. co. or a utility in trans- 
mission, distribution or testing lab. or elec. ry. 
Available on short notice. Location, immaterial. 
D-1110. 


E.E. GRAD., ’32. Married, 24. Experience 
includes 6 months asst. radio engr. at broadcast 
station, amateur 3 yr., 6 months auto. mech. 
Holds radio broadcast and amateur licenses. Very 
good references. D-1360. 


E.E. GRAD., 1932, Mississippi St. Col., single, 
30, excellent health. Two yr. marine electrician, 
U.S. Navy; 2 yr. engr. and operator local It. and 
heat plant, Union Univ., Jackson, Tenn.; illumina- 
tion experience. Desires position with future. 
Available immediately—-anywhere, South or West 


preferable. D-1269. 

B.S. in E.E. 1932. Ohio Univ., 22, single. 
Desires position with utility or mfg. concern. 
Wiring and repair experience. Particularly in- 
terested in work with motors and generators. 
Available immediately. Location, immaterial. 
D-1280. 

B.S. in E.E., 1931 grad., single, 24, desires posi- 


tion in elec. engg. preferably teaching or research. 
Two summers’ experience with elec. contracting 
co. Was grad. asst. at col. this yr. High scholas- 
tic record. References. Salary and _ location 
secondary. Available immediately. D-1259. 


E.E., 27, single, available Nov. for responsible 
position abroad, British West Indies preferred. 
Eight yr. practical experience in large Canadian 
repair shop handling all types pwr. equip. Three 
yr. executive and sales. Able to take charge repair 
dept. industrial concern or pwr. co. Knowledge 
of industrialengg. Excellent references. C-8336. 


B.S. IN E.E. 1932, 23, single. Five yr. coopera- 
tive course, 18 mos. experience with telephone and 
pwr. co. Winner first award South Eastern 
A.I.E.E. convention. Salary immaterial at start 
Available at once, location, U.S. D-1304. 


B.S. IN E.E., New York Univ., 1932, single, 
21, member Tau Beta Pi. One summer’s experi- 
ence in test dept. United Electric Lt. & Pwr. Co. 
Industrious, intelligent worker who can take and 
give orders in right manner. Location, salary im- 
material factors. C-9434. 


E.E. GRAD., ’28, B.S. ’27. Four yr. with large 
mfg. concern. Special training in engg. funda- 
mentals (elec. and mech.) as preparation for devpt. 
work. Desires position with mfg. concern, utility, 
teaching or as asst. toconsultant. D-1290. 


E.E. GRAD., 1931, Mid-West univ., 25, single, 2 
yr. experience with elec. contracting and constr. co. 
Desires position in the illuminating field. Loca- 


tion, immaterial and available immediately. D- 
1365. 
E.E. GRAD., Purdue, 1930. Single, 24. Two 


yr. communication experience and training with 
Am. Tel & Tel. Co., including outside line and 
cable construction; test room operation, carrier 


systems, etc., also Morse telegraphy. Not afraid 
of hard work. References gladly furnished. 
Available immediately to goanywhere. D-1075. 


E.E. GRAD., 29, married. Five yr. with 
Western Elec. Co. Experience most valuable for 
communication engg., but also desires work in re- 
search lab. or any engg. field. Good scholastic 
record. Available anywhere on short notice but 
East preferred. D-1323 


M.S. in E.E., 1932, 22, single. Technical ex- 
perience with xe ray and glow discharge tubes. 
Desires position in teaching or engg. field. Salary 
and gaa immaterial. Available after Sept. 10. 
D-1375 


B.S. in E.E., 1932. Married. Some experience 
in surveying. ‘Location, immaterial. Prefer work 
in elec. field but will consider anything. Avail- 
able immediately. D-1373. 


B.S. in E.E,, 1932, 22, single. Good references, 
desires engg. work with future. Location, immate- 
rial. Available at once. D-1374. 


Maintenance & Operation 


FOREMAN, 387, single, desire foreign or domestic 
connection involving constr., operation or main- 
tenance (elec.) or pwr. houses, substations or in- 
dustrial installations of all voltages and capacities. 
Has had 31/2 yr. experience in Latin America with 
Am. holding co. Available now. Location, im- 
material. D-1343-328-C-1-San Francisco. 


ELEC. MAINTENANCE ENGR.-operator- 
elec. foreman- inspector- electrician-tech. grad., 30. 
Twelve yr. experience. All types industrial and 
mining equipment. Construction and operation 
of hydroelectric, steam, pwr. plant, outdoor switch- 
ing stations; transmission lines distribution and 


telephone systems; elec. ry. Seven yr. Latin 
America. References. Knowledge Spanish, 
Portuguese. D-1353. 
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Patents 


PATENT ENGR., comprehensive experience 
including preparation patent applications, analysis 
patents for essential scope, tests marketed products 
to ascertain infringement, test and testimony in 
litigation. Familiar, elec., acoustic, wire com- 
munication, radio fields. Qualified by basic prepara- 
tion Ph.D. in physics to do effective work in other 
engg. branches. Can conduct research if desired. 
C-4919. 


Research 


RESEARCH ENGR., B.S. in E.E., Pennsyl- 
vania St. Col., 1930; 11/2 yr. experience as statis- 
tician-research engr. on industrial and marketing 
surveys. Canspeak Spanish fluently. C-7551. 


INVENTOR, just completed invention of office 
machine of cash register type desires income. 
Exceptionally qualified for inventive, design or 
research work and has widely varied experience 
including automobiles, elec. equip., and _ utilities. 
Education, E.E. and business administration. 
G.E. test. No better or harder worker can be 
found. Any location. C-9820. 


E.E., M.S, ’29, Ph.D., Calif. Inst. Tech. 732. 
Research work dealt with measurement lighting 
currents, use high and low frequencies and surges in 
dehydration of crude oil emulsions, and cracking of 
gasolines. Two yr. experience, electrician, pwr. 
plant test engr. Desires position, where experi- 
ence, and training will be useful. Single, 28. 
D-1350. 


E.E. GRAD., ’23 Sc.M., M.I.T. and Harvard 
28; Sc.D. M.I.T. June ’32; 38, single; 9 yr. 
practical experience, pwr.-and-communication engg. 
Two yr. testing course. Speaks Swedish, English, 
German; reading knowledge French. Desires 
position preferably in line of communication engg. 
Available. Location,immaterial. D-747. 


PUB. UTILITY RESEARCH; U. of Ill. grad., 
36, married. Twelve yr. experience consulting field 
charge of transit and street traffic operating surveys, 
pwr. and other utility rate, regulation, franchise, 
valuation, and financing investigations, most 
principal eastern, mid-west and southern cities. 
Open to either permanent or good temporary assign- 
ment. B-446. 


MEDICALLY INCLINED 1930 E.E. grad., 
industrial experience, desires elec. work, hospital, 
medical school or research lab. where experimental 
or practical work is being done in applied elec. 
Studied electrotherapeutics past year. Salary 
secondary to opportunity to study this special 
application of electricity. Intends taking academic 
work in this field. C-9497. 


E.E. GRAD., Bucknell 1928. Single, 26. One 
yr. experience research dept., of large engg. corp., 
3 yr. experience and training with Am. Tel & Tel. 
Co. including outside line and cable constr. and 
testing methods; also familiar test room opera- 


Miewmberchis 


tion and methods. 
able immediately. 


Avail- 
C-4528. 


Excellent references. 
Location, immaterial. 
Sales 


SALES ENGR., E.E. deg., 30, single, 31/2 yr. 
high grade sales experience selling industrials and 


educational institutions, contacting distributors 
branches, etc. Good | correspondent. 11/2 yr. 
engg. dept. large utility. 11/2 yr. elec. testing 


lab. Some elec. contracting. 
promise with mfg. concern. 
not essential. 


Desires position of 
; Mid-West preferred, 
Available one month. D-1344. 


ASSOC. A.I.E.E., single, 26, E.E. Grad. J. H. U. 
Experience: 6 mos. switchgear testing; 31/2 yr. 
as motor control engr., including shop, engg., and 
sales work; 6 mos. as jobbers’ salesman. Familiar 
with industrial control design, application, and 
estimating. Desires any engg. position with 
CR eee: East preferred, not essential. D- 


GRAD. E.E., 1926, Columbia, 29, married. 
Practical experience with pwr. and telephone com- 
panies. One yr. lab. asst. in elec. classes and 4 yr. 
instructor in evening classes in col. mathematics. 
Engg. sales experience. C-9308. 


E.E. GRAD., 29, single. Seven yr. with elec. 
utilities covering distribution planning, operation, 
customer contacts, etc. Substation design, equip. 
recommendations, voltage studies, relay setting. 
Eighteen months’ experience changing system from 
30 to 60 cycles, involving industrial electrification; 
covering uses of electricity. Can write reports. 
aries pwr. sales work. Available immediately. 

-5960. 


B.S. IN E.E., Professional Engr., N. J., 34, mar- 
ried. Storage battery, automotive elec. sales and 
service, 5 yr. heat and sound insulation sales engg. 
contacting architects, engineers, job supervising, 
4 yr. steel corp. sales engr. contacting architects, 
engr., New York, New Jersey, 3 yr. inventive 
ability and experience. C-75. 


NATURAL GAS HEATING, VENTILATING, 
AND APPLIANCE ENGR., 27, grad. B.S. in 
E.E. Two yr. experience in design, installation, and 
maintenance of gas heating plants. Formerly on 
sales engg. staff of western utility. Available 
immediately. C-9525. 


SALES ENGR., single, grad. E.E.; 7 yr. ex- 
perience selling elec. equip. (motors, generators, 
etc.) to industrial plants located in the East and 
Mid-West territories and 13 yr. connection with 
large utilities in industrial sales work and as super- 
visor of pwr. sales dept. C-5546. 


GRAD, ENGR., 25, 2 yr. practical work, re- 
search and testing. Capable of speaking, reading 
and writing Spanish fluently. Available at once, 
willing to travel if necessary. Class of 1930. 
Willing to study under sales engr. as applicant has 
2 yr. selling experience. C-9002. 


Recommended 
for Transfer 


The Board of Examiners, at its meeting of July 
27, 1932, recommended the following members for 
transfer to the grade of membership indicated. 
Any objection to these transfers should be filed at 
once with the acting national secretary. 


To Grade of Fellow 


Dates, Henry B., prof. of e. e., Case Sch. of Ap. 
Sci., Cleveland. 
Dows, Chester L., head elec. and photometric 
measurements, Genl. Elec. Co., Cleveland. 
Enfield, Wm. L., mgr., Incandescent Lamp Dept., 
Genl. Elec. Co., Cleveland. i 

Jansky, Cyril M., prof. of e. e., Univ. of Wisconsin, 
Madison. 

Lincoln, John C., chmn. of board, Lincoln Elec. 
Co., Cleveland. 

MeMillan, Fred O., research prof. of e. e., Oregon 
State Col., Corvallis. 


To Grade of Member 


Berry, Henry P., preliminary plans engr., Chesa- 
peake & Potomac Tel. Co., Charleston, W. Va. 

Bolsterli, Arthur A., elec. engr., Safety Car Heating 
& Lighting Co., New Haven, Conn. 

Carville, Ellsworth M., small motor design engr., 
Westinghouse E. & M. Co., Springfield, Mass. 

‘Charest, J. C., supt. of distribution, Pa. Pwr. & Lt. 
Co., Hazleton. 

Clark, Sam W., engr. and supt. of pwr. plant con- 
struction, Calle Gante No. 15, Mexico, D. F. 
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Congleton, Ray T., proprietor, Congleton Engg. 
o., Dayton, O. 

Crymble, Alfred C., pres., Crymble Elec. Co., Inc., 
Bristol, Va. 

Del’Homme, Laurence, asst. engr., Houston Ltg. 
& Pwr. Co., Texas 

pone pon wean pres., Ohio Bell Tel. Co., Cleve- 
and. 

Frazier, Richard H., asst. prof. of e. e., Mass. Inst. 
of Tech., Cambridge. 

Gill, Peter Clark, supt. of trans. and distribution, 
B. C. Elec. Ry. Co., Vancouver, B. C. 

Harrington, Charles A., e. e. dept., Cleveland 
Elec. Ill. Co., Ohio. 

Hattingh, Johannes T., tech. asst. to chmn. of 
electricity supply commission, Johannesburg, 
S. Africa. 

Hibshman, Nelson S., asst. prof. of e. e., Lehigh 
Univ., Bethlehem, Pa. 

Hill, Owen E., supervising devpmt. engr., Western 
Elec. Co., Inc., N. Y. City. 

Hover, Ernest W., design engr., Central Hudson 
Gas & Elec. Corp., Poughkeepsie, N. Y. 

Jansky, C. Moreau, Jr., consulting radio engr., 

_ Jansky & Bailey, Washington, D. C. 

Keiffer, Lawrence R., elec. engr., Genl. Elec. Co., 
Cleveland, O. 

Kubiak, Henry J., instructor in e. e., Univ. of 
Wisconsin, Madison. 

Mason, H. Russell, prof. of e. e., Southwestern 
Louisiana Inst., Lafayette. 

Payne, John H., elec. engr., East Orange, N. J. 

Pearson, Harold E., switchgear commercial engr., 
Genl. Elec. Co., Phila., Pa. 

Porter, Vance C., dist. mgr., Central Pwr. & Lt. 
Co., Bay City, Texas. 


Ranson, Richard R., elec. engr., Cutler Hammer, 
Inc., Milwaukee, Wis. 
Schnautz, Wm. J., outside plant engr., N. Y. Tel. 
f Co., Buffalo, N. Y. 
Spring, Ernest W., research engr., Detroit Edison 
Co., Mich. 
Staehle, Daniel, Jr., elec. engr., Frank Adam Elec. 
_ Co., St. Louis, Mo. 
Stine, _ Wilmer E., research and welding engr., 
_ Lincoln Elec. Co., Cleveland, O. 
Wilson, Archibald F., asst. vice-pres., Ohio Bell 
Tel. Co., Cleveland. 
Youngstrom, N. C., member tech. staff, Bell Tel. 
Labs., Ine., New York. 


Applications 
for Election 


Applications have been received at headquarters 
from the following candidates for election to 
membership in the Institute. Unless otherwise 
indicated, the applicant has applied for admission 
as an Associate. If the applicant has applied for 
direct admission to a grade higher than Associate, 
the grade follows immediately after the name. 
Any member objecting to the election of any of 
these candidates should so inform the acting 
national secretary before Sept. 30, 1932. 


Berthold, R. V., Assonet Beach, Mass. 

Busby, T. A., The Commonwealth & Southern 
Corp., Birmingham, Ala. 

Hanson, V. A., (Member) Mechanical Pwr. Engg. 
Associates, Bkiyn., N. Y. 

Hatto, S. G., Shell Oil Co., Seattle, Wash. 

oe Bd. of Transportation, City of N. Y., 


Kendall, Ralph M. (Member), Amer. Tel. & Tel. 
_ Co., 195 Bway., N. Y. City. 

Miller, H. E., (Member) Westinghouse Elec. & 
_. Mfg. Co., Newark, N. J. 

Mitchell, S. R., 1840 Lincoln St., Denver, Colo. 

Niemann, A. W., Bell Tel. Lab., Inc., N. Y. City 

Olsen, W. O., 1054 52nd St., Bklyn., N. Y. 

Spiegel, W.F., Ry. Express Agency, Inc., Hoboken, 


Stone, M., Westinghouse Elec. & Mfg. Co., 
Pittsburgh, Pa. 

Strothman, R. A., 7 Laurel Ave., Summit, N. J. 

Thicke, J. E., Aluminum Co. of Canada, Montreal, 
Quebec. 

Turner, C. G., Kansas City Pwr. & Lt. Co., Mo. 

15 Domestic 


Foreign 


Alizo C., Antonio, Cia. Annma. Planta Elect. de 
_ Valera, Est. Trujillo, Venezuela, S, A. 

Beljabsky, A. G., (Member) North-Caucas Inst. of 
Energetics, Novocherkassk, U.S.S.R. 

Bryant, A., Kenya & Uganda Govts., Nairobi, 
Kenya Colony, E. Africa. 

Chan, S., 33 Wan Tsai Rd., Hong Kong, China. 

Foulsum. W. C., 16 Bondoran Parade, Mont 
Albert, Melbourne, Australia. 

Kesavan, V. K., Pwr. Station Kottayam, Travan- 
core, So. India. , 

Rozario, J. F. T., Pub. Wks. Dept., Madras Govt., 
Madras, India. 

Thampan, K. C., Pykara Construction Wks., Glen 
Morgan P. O., The Nilgiris, So. India. 

Verma, R. P., Gaya Engg. & Elec. Pwr. Sup. Co., 
Ltd., Gaya, India. 

9 Foreign 


Addresses Wanted 


A list of members whose mail has been returned 
by the postal authorities is given below, with the 
address as it now appears on the Institute records. 
Any member knowing of corrections to these ad- 
Shee will pads communicate them at once to 

e office of the secretary at 33 We | 
New York, N. Y. i ot | 


Adams, Albert J., 950—18th Ave., Honolulu, T. H. | 
Blugerman, L. N., 227 N. 18th St., Phila., Pa. | 
Callen, R. J., Brunswick Recording Lab., 799—7th | 
Ave., N. Y. City. } 
Cooper, Lamar S., 1936 Dallas St., Phila., Pa. 
Dalas, F. L., Boulder City, Nev. 
Deney, Roger _W., 685 Sumner-Atlantic Ave., 
Forest Hills Boro, Pittsburgh, Pa. 
Diamond, Harvey, Avenida Concepcion 105, 
Providencia, Santiago de Chile, S. Am. 
Gooding, Chas. C., 1414 K St., Sacramento, Calif. 
Keiser, Morris, 1025 King St., Alexandria, Va. 
Morita, Kadzuo, c/o Chosen Hydro-Elec. Co., 
Roser ends. Korea, Japan. 
eander, a Pravy Bereg Nev Rees) | 
Leningrad, U.S.S.R. “A ae | 
Nichols, E. D., 536 W. 3rd St., Erie, Pa. 
geen: Oscar G., 361 Mulberry St., Williamsport, 
a. 
Pearson, Ernest, 209 Brewster Rd., Scarsdale, N. Y.: 
Schroeder, G., Krivokolenni Pereulok No, 11-16, 
Moscow, U.S.S.R. 


ELECTRICAL ENGINEERIN 


serasieree rings Milerature 


New Books 


in the Societies Library 


Among the new books received at the 
Engineering Societies Library, New York, 
during July are the following which have 
been selected because of their possible 
interest to the electrical engineer. Unless 
otherwise specified, books listed have been 
presented gratis by the publishers. The 
Institute assumes no responsibility for state- 
ments made in the following outlines, in- 
formation for which is taken from the 
preface or text of the book in question. 


PLANNING FOR’ RESIDENTIAL  DIS- 
TRICTS. Ed. by J. M. Gries and J. Ford. Presi- 
dent’s Conference on Home Building and Home 
Ownership, Washington, D. C., 1932. 227 p., 
lus., cloth, $1.00.—The final reports of 4 com- 
mittees of the President’s Conference on Home 
Building and Home Ownership; viz., city planning 
and zoning, subdivision layout, utilities for houses, 
and landscape planning and planting. This is a 
compact presentation of principles and practises, 
most interesting to planning commissions, public 
officials, civic improvement associations, and home 
owners, The various committees included well- 
known specialists in each field, and their findings 
are the result of wide experience. 


REFRIGERATING DATA BOOK AND 


CATALOG. Ist ed., 1932-1933. Am. Soc. of 
Refrig. Engrs., N. Y., 1932. 480 p., 120 p., cat. 
information, illus., 10x6 in., leather, $3.50.—The 


basic data of refrigeration engineering are brought 
together in this volume which will be welcomed as a 
convenient encyclopedia of current practise. The 
various topics have been treated by specialists with 
the assistance of an advisory committee appointed 
by the society. Principles, equipment, and uses all 
are discussed. 


STRESSES IN FRAMED STRUCTURES. 
Pt. 1. Design of Steel Mill Bldgs. By M. S. 
Ketchum. N. Y. & Lond., McGraw-Hill, 1932. 
217 p., 9x6 in., cloth, $2.50.—This book covers the 
calculation of the stresses in simple beams, trusses, 
portals, the transverse bent and the 3-hinged arch, 
and is intended as a beginning course in the sub- 
ject; 40 problems which cover the calculation of 
stresses in practically all types of simple roof and 
bridge trusses, bents and portals, are solved. Both 
algebraic and graphic methods of calculation are 

riven. Reprinted from the author’s ‘‘Design of 
Steel Mill Buildings.’ 


ee eR ear ENGINEERING DATA. 7th 
rev. ed. N. Y. & Chic., Superheater Co., 1932. 
253 p., illus., 7x5 in., leather, $1.00.—A useful collec- 
tion of rules, formulas, numerical data, and other 
information frequently wanted by steam engineers 
and power plant operatives interested in super- 
heating. In addition to the general data, the prod- 
ucts of the publisher are described and their use 
Iustrated by a variety of typical installations. 


TEXTBOOK OF ELECTRICAL ENGINEER- 
ING, 1931. London, H. M. O., may be pur- 
chased in U.S. from British Library of Information, 
N. Y. 545 p., illus., 9x6 in., cloth, $2.88. —Pre- 
pared for engineer officers of the British army in 
ts electrical service. The generation, trans- 
mission, distribution, and utilization of electricity 
are discussed ina thoroughly practical way, with 
special reference to the needs of military encamp- 
ments, barracks, etc. The entire range of elec- 
‘tical work is covered in a severely practical 
manner. A book which seems well adapted for its 


yurpose. 


THEORY OF DIELECTRICS. By A. Schwai- 
ser, transl. by R. W. Sorenson. N. ¥X., John Wiley 
& Sons, 1932. 480 p., illus., 9x6 in., cloth, $6.50.— 
[his translation of the second edition of “Elek- 
‘rische Festigkeitslehre”’ is intended to fill the needs 
»f engineers and students in search of a compre- 
lensive, readily understandable presentation of the 
aws of dielectrics. The book is divided into 3 
yarts, devoted to puncture, arcover, and the 
sractical applications of high-voltage engineering. 
‘n addition to reviewing the work of others, con- 
fiderable original work is included. Includes a 
ist of references to other German publications. 


UNIT PROCESSES AND PRINCIPLES OF 
SHEMICAL ENGINEERING. By J. C. Olsen. 
N. Y., D. Van Nostrand Co., 1932. 558 p., illus. 
)x6 in, ., cloth, $5.00.—In preparing this textbook, 
‘he author has endeavored to present the funda- 
nental chemical and physical principles deter- 
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mining the course of any given chemical reaction, 
the so-called unit processes which must be utilized 
in carrying it out upon a commercial scale, and the 
combination of these processes in proper sequence 
and coordination. The processes selected for treat- 
ment are the most important and most fully de- 
veloped ones. Each chapter is by a specialist. 
An excellent introduction to chemical engineering. 


WESTERN AND ATLANTIC R. R. OF THE 
STATE OF GEORGIA. Compiled by J. H. 
Johnston. Atlanta, Ga., Pub. Serv. Com., 1932. 
364 p., illus., 9x6 in., leather, $5.00.—This volume 
traces the history of a state-owned railroad from its 
inception to the present day and describes its 
varying fortunes under state operation and in the 
hands of successive lessees. The volume is based 
upon official records and primarily is intended to 
supply legislators of Georgia with a convenient 
record of essential facts. It is also an interesting 
addition to the history of American railroads. 


ALLGEMEINE UND TECHNISCHE ELEK- 
TROMETALLURGIE. By R. Miiller. Vienna, 
J. Springer, 1932. 580 p., illus., 9x6 in., cloth, 
32.50 rm.—This work is to provide in one volume 
a concise yet thorough treatise on electrometallurgy 
and the electrochemical properties of metals, em- 
phasizing commercial methods of production, but 
noting others briefly. Admirable as a good survey 
of current methods, with abundant references to 
literature and important patents. 


ATM ARCHIV FUR TECHNISCHES 
MESSEN. Lieferungen 4-12, Nov. 1931-June 
1932. Miinchen und Berlin, R. Oldenbourg. 
Illus., 12x9 in., paper, 1.50 rm. each.—A com- 
pendium of measuring instruments and methods, 
intended to cover in 5 vols. the whole tech. measure- 
ment field. Parts issued monthly and sold singly, 
each with a 2- to 4-p. review of some dozen instru- 
ments or methods and giving ref. to orig. sources, 
Classified by the Decimal System and a special 
system, and arranged for loose-leaf binding. 


AUSGEWAHLTE SCHWEISSKONSTRUK- 
TIONEN, Bd. 8. Rohrleitungs- und Behalterbau. 
By Holler and A. D. Fink. Berlin, VDI-Verlag, 
1932. 88 p., illus., 12x9 in., cloth, 12.50 rm.— 
A set of 88 plates on the application of modern 
welding for container and pipe line construction. 
They present a wide variety of apparatus selected 
to show the advantages of welded equipment for 
chemical factories, steam plants, etc. Explana- 
tions in English. 


ELECTRICITE, ET MAGNETISME 
(MEMENTO D’ ELECTROTECHNIQUE, v. 1). 
By A. Curchod. Paris, Dunod, 1932. 526 p., 
illus., 8x5 in., cloth, 99 frs.—Latest addition to 
handbooks on elec. engg. by the editor of ‘‘Revue 
Générale de l’Electricité,” and written to provide 
the practising engr. with a concise and accurate 
ref. work similar to the well-known Am. and 
German handbooks. The first of 4 v., it discusses 
math., units, fundamental laws of electricity and 


magnetism, measurements and matls. Includes 
several bibliographies. 
ELEKTRISCHE INDUSTRIEOFEN FUR 


WEITERVERARBEITUNG. By V. Paschkis. 
Berlin, J. Springer, 1932. 305 p., illus., 9x6 in., 
cloth, 31.50 rm.—Intended to present a systematic, 
comprehensive work on the elec. furnace to meet 
the needs of designers and users. The principles 
of design, methods of regulation, matls., and the 
economics of elec. furnaces are considered. Various 
constructions and their elements are treated at 
length. Limited to resistance furnaces, explicit 
directions for design being given. 


ELEKTRISCHES KOCHEN. By F. Mértzsch” 
Berlin, J. Springer, 1932. 178 p., illus., 10x7 in., 
cloth, 8.50 rm.—A report of semi-popular style, 
based upon a series of studies made by elec. plants 
and elec. mfrs. of Germany, to promote the genl. 
introduction of elec. cooking and wtr-htg. apparatus 
for homes, hotels, and institutions. Includes design 
of efficient apparatus and the finding of proper 
rates, therefor; also compares elec. heat with 
other kinds. 


GRAPHS FOR ENGINEERS AND ARCHI- 
THCTS, By-D> H. Lee. (Lond. Ey & kN: 
Spon, Ltd.; N. Y., Spon & Chamberlain, 1932. 
88 p., illus., 11x9 in., leath., $2.00.—These graphs 
treat of a variety of matters in building design and 
construction and are intended for quick design and 
checking of calculations. Those for determining 
safe loads on brick piers and steel, timber, and 
reinforced-concrete beams, stanchion stresses, 
wind stresses, panel loads, floor constructions, and 
similar problems are given and discussed. 


INDUSTRIAL MANAGEMENT. By E. C. 
Robbins and F. E. Folts. N.Y. & Lond., McGraw- 
Hill, 1932. 757 p., illus., 9x6 in., cloth, $5.00.— 
Here the ‘‘case system’”’ is applied to a beginner’s 


course in industrial management, with 117 cases 
given to convey concepts underlying modern 
management; i.e., specialization, diversification, 
and integration; also their application to mana- 
gerial control of raw materials, labor, plant, and 
equipment, To train the student to realize sig- 
nificant facts in managerial problems and to use 
them basically. 


INTRODUCTORY COURSE IN PHYSICAL 
CHEMISTRY. By W. H. Rodebush and E. K. 
Rodebush. N. Y., D. Van Nostrand Co., 1932. 
421 p., illus., 9x6 in., cloth, $3.75.—A textbook 
based upon a Univ. of Ill. course; for college 
Juniors with training in chemistry, physics, and 
calculus. Fundamental principles are given in a 
clear, precise manner. The course is designed for 
a year and presents the material usually included 
in such courses but with some novel methods and 
arrangement, 


PHYSIKALISCHES HANDWORTERBUCH. 
By A. Berliner and K. Scheel. 2 ed. Berlin, 
J. Springer, 1932. 1428 p., illus., 11x8 in., paper, 
96 rm.—Besides defining terms and concepts of 
classic and modern physics, this book gives much 
on astronomy, mathematics, geodesy, geology, 
physical chemistry, engineering, and other related 
subjects. It is encyclopedic, with articles signed, 
and frequent ref. to other information given. 
Invaluable, especially for those not versed in 
physics, and for physicists desiring quick orienta- 
tion in subjects outside their field. The new edition 
is half again as large as the former. 


PRINCIPLES OF REFRIGERATION. By 
W.H. Motz. 3ed. Chicago, Nickerson & Collins 
Co., 1932. 1019 p., illus., 9x6 in., cloth, $7.50.— 
Giving fundamentals in the operation of "refrigera- 
ting machinery; the properties of the usual media; 
design, construction, and operation of the appa- 
ratus; also important applications of refrigeration 
set forth practically and non-mathematically. 
Adopted by the Natl. Assn. of Practical Refrigera- 
tion Engrs. for its national lecture courses. Re- 
written and considerably enlarged. 


RECENT ADVANCES IN TOWN PLAN- 
NING. By T. Adams and others. N. Y., Mac- 
millan Co.. 1932. 400 p., illus., 10x7 in., cloth, 
25s.—Describing recent advances and tendencies 
in town planning in its 3 phases of law, practise, 
and design in an effort toward a comprehensive 
survey. The point of view is British in its aspect 
with conditions in Great Britain given special 
consideration. There is, however, much upon 
conditions in America and other countries. A 
book of interest to American town planners. A 
unctet bibliography of books and reports is in- 
cluded. 


TEXTBOOK OF METALLURGICAL PROB- 
LEMS. ByA. Butts. N. Y.and Lond., McGraw- 


Hill, 1932. 425 p., illus., 9x6 in., cloth, $4.00.— 
Resembling ‘‘Metallurgical Calculations’? by the 
late Prof. J. W. Richards and somewhat supple- 


menting it, this book extends facts into certain 
channels also giving new and more accurate 
numerical data. Its main purpose is to supply a 
textbook with a graded treatment of the subject, 
suited for use in engineering courses rather than 
a handbook for practising engineers. A thorough 
introduction to problems arising in metallurgy and 
methods of solving them. 


THOMAS’ REGISTER OF AMERICAN 
MANUFACTURERS. 22nd ed., 1931-32. N. Y., 
Thomas Pub. Co., illus., 12x9 in., cloth, $15.00.— 
Listing, under products and firm names, Am. 
mfrs. and primary sources of supply: Trade 
names, brands, banks, boards of trade, and other 
commercial organizations, and trade papers are 
listed. Unequalled in comprehensiveness and 
completeness. 


Engineering Societies Library 
99 West 39th Street, New York, N. Y. 


Mahan as a public reference library 
of engineering and the allied sciences, this 
library is a cooperative activity of the national 
societies of civil, electrical, mechanical, and min- 
ing engineers. 


Resources of the library are available also 
to those unable to visit it in person. Lists of 
references, copies or translation of articles, 
and similar assistance may be obtained upon 
written application, subject only to charges suffi- 
cient to cover the cost of the work required. 


A collection of modern technical books is 
available to any member residing in North Amer- 
ica at a rental rate of five cents per day per 
volume, plus transportation charges. 


Many other services are obtainable and an 
inquiry to the director of the library will bring 
information concerning them. 
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Officers and Comminece for 1932 -33 


President 


H. P. CHARLESWORTH New York, N. Y. 
(Term expires July 31, 1933) 


Junior Past-Presidents 


W.S. LEE Charlotte, N. C. 


(Term expires July 31, 1933) 
East Pittsburgh, Pa. 
(Term expires July 31, 1934) 


C. E. SKINNER 


Vice-Presidents 


Dist. 
No. 
(2) W.B.KOUWENHOVEN Baltimore, Md. 
(4) W. E. FREEMAN Lexington, Ky. 
(6) P. H. PATTON Omaha, Neb. 
(8) A. W. COPLEY San Francisco, Calif. 
L 


. B. CHUBBUCK Hamilton, Ont. 
(Terms expire July 31, 1933) 


(1) J. ALLEN JOHNSON Buffalo, N. Y. 
(3) E. B. MEYER Newark, N. J. 
(Oye Ase AUT Y Chicago, Ill. 
(7) G. A. MILLS Lansing, Mich. 
(9) C.R. HIGSON Salt Lake City, Utah 

(Terms expire July 31, 1934) 


(10) 


Directors 


J. E. KEARNS 
F. W. PEEK, Jr. 


Chicago, I1l. 
Pittsfield, Mass. 


Cc. E. STEPHENS New York, N. Y. 

(Terms expire July 31, 1933) 
A. B, COOPER Toronto, Ont. 
A. E. KNOWLTON New York, N. Y. 
R. H. TAPSCOTT New York, N. Y. 


(Terms expire July 31, 1934) 


L. W. CHUBB East Pittsburgh, Pa. 
B. D. HULL Dallas, Tex. 
H. R. WOODROW Brooklyn, N. Y. 

(Terms expire July 31, 1935) 
G. A. KOSITZKY Cleveland, Ohio 
A. H. LOVELL Ann Arbor, Mich. 
A. C. STEVENS Schenectady, N. Y. 


(Terms expire July 31, 1936) 


National Treasurer 
W. I. SLICHTER New York, N. Y. 


(Term expires July 31, 1933) 


Acting National Secretary 
H. H. HENLINE New York, N. Y. 


(Term expires July 31, 1933) 


General Counsel 


Parker & Aaron 
20 Exchange Place, New York, N. Y. 


Local Honorary Secretaries 


T. J. Fleming, Calle B. Mitre 519, Buenos Aires, 
Argentina. 

V. J. F. Brain, Dept. of Pub. Wks., Phillip St., 
Sydney, N.S. W., Australia. 

F. M. Servos, Rio de Janeiro Tramways Lt. & Pr. 
Co., Rio de Janeiro, Brazil. 

A. P. M. Fleming, Metropolitan Wickers Elec. Co., 
Trafford Park, Manchester, England. 

A. S. Garfield, 173 Blvd. Haussmann, Paris (8e) 
France. 

Renzo Norsa, Via Caravaggio 1, Milano 25, Italy. 

P. H. Powell, Canterbury College, Christchurch, 
New Zealand. 

M. A. Chatelain, Polytechnical Institute, Apt. 27, 
Leningrad, Sosnowka 1-3, U.S.S.R. ' 

A. F. Enstrom, Ingeniorsvetenskrapsakademien, 
Stockholm, 5, Sweden. 

W. Elsdon-Dew, P. O. Box 4563, Johannesburg, 
Transvaal, Africa. 


GENERAL COMMITTEES 


Executive 

H. P. Charlesworth, Chm., 463 West Street, New 
Work, N. Y. : 

J. Allen Johnson C. E. Skinner 

E. B. Meyer W. I. Slichter 


F. W. Peek, Jr. C. E. Stephens 


Constitution and By-Laws 
W. S. Gorsuch, Chm., 600 West 59th Street, New 


York, N. Y. 
C. O. Bickelhaupt E. B. Meyer 
H. A. Kidder W. I. Slichter 
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Board of Examiners 

H. Goodwin, Jr., Chm., Room 601, 133 South 12th 
Street, Philadelphia, Pa. 

H. E. Farrer, Secy., 33 W. 39th St., New York, 


NG aN 
H. A. Currie R. H. Marriott 
H. W. Drake L. W. W. Morrow 
S. P. Grace A. L. Powell 
H. A. Kidder W. R. Smith 
F. V. Magalhaes R.H. Tapscott S. D. Sprong 


Columbia University Scholarships 


W. I. Slichter, Chm., Columbia University, New 
York Nu VY. 


Francis Blossom H. C. Carpenter 


Coordination of Institute Activities 


E. B. Meyer, Chm., 80 Park Place, Newark, N. J. 
W.S. Gorsuch H. H. Henline 


W. H. Harrison C. E. Stephens E. S. Lee 


Economic Status of the Engineer 


C. O. Bickelhaupt, Chm., Am. Tel. & Tel. Co., 
195 Broadway, New York, N. Y. 

W. S. Lee 

E. W. Rice, Jr. 


Edison Medal 
Aptointed by the President for term of 5 years. 
D.C. Jackson, Chm. C.F. Harding F. A. Scheffler 
(Terms expire July 31, 1933) 
L. W. W. Morrow W.S. Rugg R. F. Schuchardt 
(Terms expire July 31, 1934) 
F. A. Gaby H. J. Ryan 
(Terms expire July 31, 1935) 
E. B. Meyer P. H. Thomas 
(Terms expire July 31, 1936) 
S. P. Grace C. E. Stephens 
(Terms expire July 31, 1937) 
Appointed by the board of directors from its own 
membership for term of 2 years 
J. E. Kearns W.S. Lee F. W. Peek, Jr. 
(Terms expire July 31, 1933) 
J. Allen Johnson A. E. Knowlton R. H. Tapscott 
(Terms expire July 31, 1934) 


W.S. Rugg 
C. F. Scott 


C. I. Burkholder 
H. H. Barnes, Jr. 


Gano Dunn 


Ex-officio 
H. P. Charlesworth, President 
W. I. Slichter, National Treasurer 
H. H. Henline, Acting National Secretary 
(Terms expire July 31, 1933) 


Finance 


C. E. Stephens, Chm,, Westinghouse Elec. & Mfg. 
Co., 150 Broadway, New York, N. Y. 
E. B. Meyer R. H. Tapscott 


Headquarters 

R. H. Tapscott, Chm., 4 Irving Place, New York, 
INvay ee 

H. H. Henline 

Iwadare Foundation 

F. B. Jewett, Chm., 195 Broadway, New York, 
IN-ESG 

W. I. Slichter 

Lamme Medal 

R. D. Mershon 


C. E. Stephens 


Gerard Swope 


J. C. Smith P. H. Thomas 
(Terms expire July 31, 1933) 


A. M. Dudley P. M. Lincoln J. C. Parker 
(Terms expire July 31, 1934) 
P. L. Alger H. B. Gear C. E. Skinner, Chm. 


(Terms expire July 31, 1935) 


Legislaton Affecting the Engg. Profession 
H. A. Kidder, Chm., 600 W. 59th Street, New York, 


N. Y. 
James P. Alexander J. C. Parker 
T. F. Barton J. R. Price 
B. M. Brigman Herbert S. Sands 
W. H. Harrison M. R. Scharff 


L. F. Leurey H. H. Schoolfield 
L. W.W. Morrow J.B. Thomas W./I. Slichter 
Membership 


R. L. Kirk, Chm., Duquesne Lt. Co., Pittsburgh, Pa. 


E. P. Coles C. H. Kline 
F. G. Graf J. A. Koontz 
James Harrison TT. G: LeClair 
Joseph Hellenthal W. G. Rubel 
J. Allen Johnson E. M. Wood I. M. Stein 


Ex-officio: 
Chairmen of Section membership committees. 


N. Y. Museum of Science and Industry, Adv. Com. 
to 
J. P. Jackson, Chm., New York Edison Co., 
130 E. 15th St., New York, N. Y. 
C. O. Bickelhaupt R. H. Nexsen 


Popular Science Award 


F. W. Peek, Jr., Chm., Genl. Elec. Co., Pittsfield, 
Mass. 


W. H. Harrison C. E. Stephens 


Principles of Professional Conduct, Code of 
R. F. Schuchardt, Chm., 72 West Adams Street, 


Chicago, Ill. 
A. H. Babcock W. E. Mitchell 
G. Faccioli C. E. Stephens 
F. B. Jewett J. B. Whitehead 


Prizes, Award of Institute 


W. H. Harrison, Chm., Am. Tel. 
195 Broadway, New York, N. Y. 
E. B. Meyer Chester W. Rice 


Public Policy 


& Tel. Co., 


Bancroft Gherardi, Chm., 195 Broadway, New 
York, N. Y. 

C. C. Chesney Farley Osgood — 

F. B. Jewett R. F. Schuchardt — 

W.S. Lee C. E. Skinner 

Publication 


E. B. Meyer, Chm., 80 Park Place, Newark, N. J. 


F. A. Lewis, Secy., 33 W. 39th St., New York, 


IN Ys 
W. S. Gorsuch 
W. H. Harrison 


H. H. Henline 
H. R. Woodrow 


Safety Codes 


F. V. Magalhaes, Chm., Hopewell, N. J. 
J. C. Balsbaugh 

A. W. Berresford 
L. B. Chubbuck 

J. F. Fairman 


Wills Maclachlan 
J. D. Noyes 
F. A. Pattison 


H. B. Gear Frank Thornton 
F. D. Knight H. S. Warren 
Sections 


Everett S. Lee, Chm., Genl. Elec. Co., Schenectady, 
W. B. Kouwenhoven J. J. Shoemaker 
G. H. Quermann W. H. Timbie I. M. Stein 


Ex-officio: 
Chairmen of all Sections of the Institute. 


Standards 


M. G. Lloyd — 


ce 


= 


A. M. MacCutcheon, Chm., 1088 Ivanhoe Road, 


Cleveland, Ohio. 
H. E. Farrer, Secy., 33 W. 39th St., New York, 


INE DS 
A; B. Cooper V. M. Montsinger 
J. E. Goodale F. D. Newbury 
C. R. Harte E. B. Paxton 
J. F. Meyer W. I. Slichter 
Ex-officio: 


Chairmen of working committees. 

Chairmen of A.I.E.E. delegations and representa- 
tives on other standardizing bodies. 

President of U.S. national committee of I.E.C. 


Student Branches 


W. H. Timbie, Chm., Massachusetts Institute of 
Technology, Cambridge, Mass. 

W. E. Freeman 

F. O. MeMillan 

Ex-officio: 

All Student Branch Counselors. 


Technical Program 


W. H. Harrison, Chm., Am. Tel. & Tel. Co., 
195 Broadway, New York, N. Y. 


C. F. Scott 
W. J. Seeley 


C. S. Rich, Secy., 33 W. 39th St., New York, N. Y._ 


J. W. Barker B. D. Hull 

H. S. Bennion W. B. Kouwenhoven 

H. B. Gear Paul MacGahan 

W. S. Gorsuch T. A. Worcester 

Ex-officio: 

Chairman of committee on coordination of Institute 
activities 


Chairmen of technical committees. 


Transfers 


E. B. Meyer, Chm., 80 Park Place, Newark, N. J. 
H. Goodwin, Jr. J. Allen Johnson C. F. Scott 


ELECTRICAL ENGINEERING 


ECHNICAL COMMITTEES 


utomatic Stations 


). W. Taylor, Chm., United Engineers & Construc- 
tors, Inc., 80 Park Place, Newark, N. J. 


. F. Ambuhl Joseph Hellenthal 
. EK. Anderson C. R. Higson 
aD. Bale I. E. Moultrop 
. F. Craig M. E. Reagan 
ohn Fies O. J. Rotty 
. M. Garrett Garland Stamper 
S. Hagan F. Zogbaum L. J. Turley 
ommunication 


[. S. Osborne, Chm., 195 Broadway, New York, 
IN 


[. M. Bascom J. R. MacGregor 


J. H. Capen John Mills 
. A. Clokey J. W. Milnor 
, O’R. Coleman C. W. Mitchell 
. F. Craig E. J. O’Connell 
. D. Evans P. H. Patton 
J. L. Everitt F. H. Pumphrey 

C. Forshee F. A. Raymond 
. M. Jansky, Jr. H. A. Shepard 
. Johnson, Jr. E. R. Shute 
 M. Keenan A. L. Stadermann 
. A. Kositzky C. H. Taylor 
. J. Larsen F. A. Wolff H. M. Turner 
ducation 


. E. Doherty, Chm., Dunham Laboratory, Yale 
University, New Haven, Conn. 
_W. Barker D. C. Jackson, Jr. 


dward Bennett C. L. Kinsloe 
. S. Biegler A. H. Lovell 
, V. Carpenter R. C. Muir 
. S. Coler H. W. Price 
. R. Dooley W. T. Ryan 
. E. Dyche Burke Smith 
. W. Eshbach A. C. Stevens 
. J. Ferguson G. B. Thomas 
.H. Henline W.E. Wickenden W. H. Timbie 


lectric Welding 


. L. Hansen, Chm., 2916 North Prospect Ave., 
Milwaukee, Wis, 


. A. Adams J. E. Kearns 

H. Blankenbuehler J. C. Lincoln 
. M. Candy Ernest Lunn 
lex Churchward F. C. Owen 
. Creedy C. L. Pfeiffer 

Dushman J. Slepian 
. D. Ewing Wm. Spraragen 
. M. Hobart H. E. Stoddard 
. G. Hudson G. H. Winkler H. W. Tobey 


lectrical Machinery 


L. Henderson, Chm., Westinghouse Elec. & Mfg. 
Co., East Pittsburgh, Pa. 


_L. Alger H. C. Louis 
_L. Barns W. V. Lyon 
.§. Bundy A. M. MacCutcheon 
. E. Edgerton O. K. Marti 
E. Goodale V. M. Montsinger 
. T. Hambleton R. W. Owens 
L. Hamilton Ra Park 
_L. Harding E. B. Paxton 
_F. Harding H. V. Putman 
_ W. Henderson K. A. Reed 
F. Hickernell O. E. Shirley 
Allen Johnson R. G. Warner 


J. Linebaugh C. A. M. Weber 


ectrochemistry and Electrometallurgy 


arren C. Kalb, Chm., National Carbon Co., 
Cleveland, Ohio 


iwrence Addicks R. G. Mansfield 


H. Brace K. L. Scott 
W. Chubb H. Speight 
irley G. Clark N. R. Stansel 
K. Colby Magnus Unger 
W. Elmen H. B. Vidal 
C. Hale G. W. Vinal 
. E. Holland J. B. Whitehead 


A. Lidbury C.D. Woodward J. L. Woodbridge 


struments and Measurements 


J. Rutan, Chm., New York Edison Company, 
92 Vandam St., New York, N. Y. 


§. Baker O. A. Knopp 
D. Bean A. E. Knowlton 
J. Bliss H. C. Koenig 
A. Borden W. B. Kouwenhoven 
B. Brooks F. A. Laws 
L. Cook E. S. Lee 
D. Doyle J. B. Lunsford 


Paul MacGahan 
R. T. Pierce 

W. J. Shackelton 
H. L. Thomson 


. W. Eberhardt 

arion Eppley 

. N. Goodwin, Jr. 

F, Kinnard H. M. Turner 
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Electrophysics 


V. Bush, Chm., Massachusetts Institute of Tech- 
nology, Cambridge, Mass. 


O. E. Buckley G. M. J. Mackay 


W. G. Cady S. S. Mackeown 
W. F. Davidson H. Nyquist 
C. S. Gordon J. Slepian 
L. O. Grondahl] J A. Stratton 
W. B. Kouwhenhoven W. C. White 


Liaison representatives of American Physical Soc.: 
Leigh Page W.F. G. Swann 


Iron and Steel Production, Applications to 


F. O. Schnure, Chm., Bethlehem Steel Co., Spar- 
rows Point, Md. 


K. A. Auty A. J. Standing 
J. J. Booth G. E. Stoltz 
F. B. Crosby Wilfred Sykes 
Wray Dudley H. A. Winne 
A. M. MacCutcheon R. H. Wright 


Light, Production and Application of 
W, T. Blackwell, Chm., 80 Park Place, Newark, 


Ngai 
J. W. Barker W. C. Kalb 
H. S. Broadbent C. L. Kinsloe 
J. M. Bryant R. D. Mailey 
E. C. Crittenden G. S. Merrill 
W. T. Dempsey P.S. Millar 
E. E. Dorting P. H. Moon 
L. A. Hawkins R. E. Simpson 
H. H. Higbie C. J. Stahl 
H. E. Ives G. H. Stickney C. E. Stephens 


Marine Work, Applications to 


R. A. Beekman, Chm., Genl. Elec. Co., Schenec- 
tady, N. Y. 
E. C. Alger J. H. Osborne 
H. C. Coleman G. A. Pierce 
E. M. Glasgow W. H. Reed 
H. F. Harvey, Jr. H. M. Southgate 
C. J. Henschel W. E. Thau 
Wm. Hetherington, Jr. A. E. Waller 
H. L. Hibbard O. A. Wilde 
J. E. Kearns J. L. Wilson 
A. Kennedy, Jr. R. L. Witham 
J. B. Lunsford W.N. Zippler 


Mining Work, Applications to 


D. E. Renshaw, Chm., Westinghouse Elec. & Mfg. 
Co., East Pittsburgh, Pa. 


Graham Bright W. H. Lesser 
J. H. Edwards C. W. Parkhurst 
L. C. Ilsley F. L. Stone 
L. H. James E. B. Wagner 
J. E. Kearns J. F. Wiggert 
Carl Lee C. D. Woodward 


Power Generation 


Vika bakery. hin: 
Baltimore, Md. 


1611 Lexington Building, 


F. A. Allner H. W. Leitch 
F, A. Annett A. H. Lovell 
A. E. Bauhan I. E. Moultrop 
J. B. Crane J. M. Oliver 
J. H. Ferry A. L. Penniman, Jr. 
N. E. Funk G. G. Post 
W. S. Gorsuch R. C. Powell 
F. C. Hanker F. A. Scheffler 
J. P. Hogan F. O. Schnure 
F. H. Hollister R. E. B. Sharp 
A. H. Hull A. E. Silver 
D. C. Jackson E. C. Stone A. R. Smith 


Power Transmission and Distribution 


P. H. Chase, Chm., Philadelphia Elec. Co., 900 
Sansom St., Philadelphia, Pa. 


R. N. Conwell, Vice-chm., 80 Park Place, Newark, 
N. Ji. 
F. E. Andrews C. R. Higson 
G. M. Armbrust J. P. Jollyman 
H. W. Bibber A. H. Lawton 
D. K. Blake H. L. Melvin 
E. S. Bundy J. S. Parsons 
A. B. Campbell F. W. Peek, Jr. 
C. V. Christie L. L. Perry 
W. A. Curry D. W. Roper 
O. G. C. Dahl H. J. Scholz 
A. E. Davison H. R. Searing 
R. D. Evans A. E. Silver 
F. M. Farmer D. M. Simmons 
C. L. Fortescue Cc. T. Sinclair 
T. H. Haines L. G. Smith 
Edwin Hansson H. H. Spencer 
C. F. Harding Philip Sporn 
K. A. Hawley W. K. Vanderpoel 
L. F. Hickernell TT. A. Worcester H.S. Warren 


Power Applications, General 


C. W. Drake, Chm., Westinghouse Elec. & Mfg. 
Co., East Pittsburgh, Pa. 


A. H. Albrecht ; H. A. Maxfield 


E. A. Armstrong John Morse 
James Clark, Jr. N. L. Mortensen 
J. F. Gaskill D. M. Petty 
John Grotzinger H, W. Rogers 
T. Hibbard L. D. Rowell 


L. M. Shadgett 
W. K. Vanderpoel 
M. R. Woodward 


Fraser Jeffrey 
A. E. Knowlton 
A. M. MacCutcheon 


Protective Devices 


R. T. Henry, Chm., Buffalo, Niagara & Eastern 
Power Corp., Electric Building, Buffalo, N. Y. 
Raymond Bailey H. A. McLaughlin 


R. C. Bergvall D. M. Petty 
H. W. Collins H. J. Scholz 
A. W. Copley H. K. Sels 
W.S. Edsall H. P. Sleeper 
J. H. Foote L. G. Smith 
L. E. Frost E. R. Stauffacher 


S. L. Goldsborough 
S. M. Hamill, Jr. 


H. R. Summerhayes 
B. F. Thomas, Jr. 


E. A. Hester O. C. Traver 
T. G. Le Clair E. M. Wood 
J. P. McKearin H. B. Wood 


Research 


Chester W. Rice, Chm,, General Electric Co., 
Schenectady, N. Y. 


H. D. Arnold A. E. Kennelly 
L. W. Chubb F. W. Peek, Jr. 
E. H. Colpitts H. H. Race 
E. C. Crittenden D. W. Roper 


O. G. C. Dahl Thomas Spooner 
W. F. Davidson Philip Sporn 
S. M. Dean J. B. Whitehead 
F. M. Farmer C. H. Willis 
V. Karapetoff R. J. Wiseman 
Transportation 

E. L. Moreland, Chm., 31 St. James Ave., Boston, 

Mass. 

H. L. Andrews H. N. Latey 
Reinier Beeuwkes John Murphy 
A. E. Bettis H. Parodi 
H. A. Currie R. H. Rice 
J. V. B. Duer S. A. Spalding 
H. H. Field N. W. Storer 
I. W. Fisk W. M. Vandersluis 
W. A. Giger R. P. Winton 
K. T. Healy Sidney Withington 
A. E. Knowlton CGC. 1. Wright 


INSTITUTE REPRESENTATIVES 


Aeronautic Radio Research, Liaison Com. on 
R. H. Manson 


Alfred Noble Prize Committee 
W. H. Harrison 


Am. Assoc. for the Advt. of Science, Council 
F. W. Peek, Jr. C. E. Skinner 


American Bureau of Welding 
H. M. Hobart 


American Committee on Marking of Obstructions 
to Air Navigation 


P. H. Chase W. H. Harrison 


American Engg. Council Assembly 
*C, O. Bickelhaupt L. F. Morehouse 
F. J. Chesterman I. E. Moultrop 
M. M. Fowler Farley Osgood 
H. H. Henline W.S. Rodman 
*H. A. Kidder *R. F. Schuchardt 
W.S. Lee C. F. Scott 
A. M. MacCutcheon *C. E. Skinner 
William McClellan *C. E. Stephens 
L. B. Stillwell 
* A I.E.E. representatives on administrative board, 


American Marine Standards Committee 
R. A. Beekman 


American Stds. Assoc. Bd. of Directors 
Bancroft Gherardi 


American Stds. Assoc. Council 


A.M. MacCutcheon F. D. Newbury H. S, Osborne 
Alternates: 


H. H. Henline E. B. Paxton 


American Year Book, Advisory Board 
H. H. Henline 
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Charles A. Coffin Fellowship and Research Fund 
Committee 


H. P. Charlesworth 

Com. of Apparatus Makers and Users, N. R. C. 

L. F. Adams 

Com. on Heat Transmission, N. R. C. 

T. S. Taylor 

Coordination Committee of Engineering Societies 
W. A. Del Mar L. B. Stillwell Calvert Townley 
Educ. Research Com., The Engg. Foundation 

W. S. Rodman 

Engineering Foundation Board 

C. E. Skinner 

Engineering Index Advisory Board 
H. H. Henline 

Engg. Societies Monographs Committee 


W. I. Slichter 


Electrical Standards Committee, A.S.A. 

A. M. MacCutcheon H. S. Osborne 
F. D. Newbury E. B. Paxton, Alternate 
Engineers’ Council for Professional Development 
C. O. Bickelhaupt L. W. W. Morrow C. F. Scott 


Hoover Medal Board of Award 
F. B. Jewett 


John Fritz Medal Board of Award 


Bancroft Gherardi W.S. Lee R. F. Schuchardt 
C. E. Skinner 


Gano Dunn E. W. Rice, Jr. 


Library Board, United Engg. Trustees, Inc. 


W.S. Barstow H. H. Henline 


W. A. Del Mar W. I. Slichter W. B. Jackson 


Nat. Fire Prot. Assoc. Electrical Committee 
F. V. Magalhaes 


National Fire Waste Council 
F. V. Magalhaes 


_U.S. National 


Nat. Research Council Engg. Division 
H. P. Charlesworth Chester W. Rice | 
Ex-oficio H. H. Henline C. E. Skinner 


Nat. Safety Council, A.S.S.E.— Engg. Section 
F. V. Magalhaes 


Radio Advisory Com., Bur. of Standards 
A. E. Kennelly 


Research Procedure Com., Engg. Foundation 
L. W. Chubb 


United Engineering Trustees, Inc. 
A. W. Berresford H.P. Charlesworth H. A. Kidder 


Committee of the International 
Commission on Illumination 
A. E. Kennelly C. O. Mailloux 


Commission of Washington Award 
L. A. Ferguson 


C. H. Sharp 


Wm. B. Jackson 


Welded Rail Joints, Committee on 
D. D. Ewing 


E. B. Meyer W. I. Slichter 


Geographical District Executive Committees 


Secretary (District Secretary) 


District Chairman (Vice-President, A.I.E.E.) 
No. 1—North Eastern.....J. Allen Johnson, 302 Electric Building, Buffalo, N. Y. A. C. Stevens, General Electric Co., Schenectady, N. Y. 
No. 2—Middle Eastern. ...W.B. Kouwenhoven, Johns Hopkins University, Baltimore, Md. G. S. Diehl, Pennsylvania Water & Power Co., 1611 Lexington 
Building, Baltimore, Md. 
No. 3—New York City....E. B. Meyer, 80 Park Place, Newark, N. J. C. R. Jones, Westinghouse E. & M. Co., 150 Broadway, New 
York, N. Y. 
No. 4—Southern..........- W. E. Freeman, University of Kentucky, Lexington, Ky. E. A. Bureau, University of Kentucky, Lexington, Ky. 
No. 5—Great Lakes........ K. A. Auty, Commonwealth Edison Co., 72 West Adams St., A. G. Dewars, No. States Pr. Co., 15 S. 15th St., Minneapolis, 
Chicago, Ill. Minn. 
No. 6—North Central...... P. H. Patton, Northwestern Bell Tel. Co., Telephone Building, M.S. Coover, University of Colorado, Boulder, Colo. 
Omaha, Neb. 
No. 7—South West........G. A. Mills, Michigan Gas & Electric Co., Lansing, Mich. R. W. Warner, University of Kansas, Lawrence, Kans. 
Now) 8— Pacific! << siseten cae A. W. Copley, Westinghouse Elec. & Mfg. Co., 1 Montgomery’ C. E. Baugh, 245 Market St., San Francisco, Calif. 
St., San Francisco, Calif. 
No. 9—North West........C. R. Higson, Utah Power & Light Co., Kearns Building, Salt Paul Ransom, Utah Apex Mining Co., Bingham Canyon, Utah 


Lake City, Utah 
B. Chubbuck, Canadian Westinghouse Co., Hamilton, Ont. W. L. Amos, Hydro-Elec. Pr. Comm., 190 University Ave., 
Toronto, Ont. 


Each district executive committee includes the chairmen and secretaries of all Sections within the district and the chairman of the district committee 


No: 10—Canadax.) oc... eee Le 


Note: 
on student activities. 


Local Sections of the Institute 


Name District Chairman Secretary Secretary’s Address 
INS {0} 18 AE NTO atatdisreretere PIS ece Bene A. P. Regal 2 Wi. He Pucker. ji. seit CLO. Main St. No. Canton: Ohio 

JMGd Ebr: ea nae Sinica Ae ae 455.52,00 OO; Rae ...J. H. Persons...............General Electric Co., Atlanta, Ga. 

ES ALERTEIOLE 250 sie cferelonere: ae aie = Doraemon ey Wells: .-J. L. D. Speer..............Chesapeake & Potomac Tel. Co., Baltimore, Md. 
Birmingham............4 

IBOStOM stare, craze tets <Goiclane'el o's 1 Sars DIALOG? ce nvenerensteusvans G. J. Crowdes..............Simplex Wire & Cable Co., 66 Sidney St., Cambridge, Mass. 
(CRICALO RN  erretetae aie 5 ae els MILA DES wie + «)sJefaleisgs cts. Le. SIM CMe rs a2 (clei ssieier els ChICACO Rapid Dransit Cow Chicaso mill: 

Gretta tis we ce oreeaaass 2 ris Dorlsian sees: oer ASIC BuUrrOWway oie cisiershereherens Cincinnati & Sub. Bell Tel. Co., Cincinnati, Ohio 
Gleveland tits cis iste cteneliens .J. M. Smith -o++se.-0, B. Taylor..5............. Reliance Elec, & Engg. Co:, Cleveland, Ohio 
Columbus..... Brine a tvte er pivee nictetn arctan SAMS RAM fo ces! cnascishanchatetel H. L. Willson. .............General Electric Co., Columbus, Ohio 

GOnTECEICIE sch initia siokeve lots lelb aierenstee Giee Dally 2. tonave ohenereicict she WW DS ELL atvarevarerembiouecs eictiohen tte Yale University, New Haven, Conn. 

Ser AS ce era ive weet e srcheh even eke ee H. K. Handley...........W. B. Folline.:............General Electric Co., Dallas, Texas 

IDS CR GAN OE Sb ee DOOD ao ore W. D. Hardaway.........N.R. Love................807 Tramway Bldg., Denver, Colo. 

Detroit-Ann Arbor....... Biaiestecsiye O. E. Hauser............-R. Foulkrod................Michigan Bell Tel. Co., Detroit, Mich. 

Oe hay Sts Oene pio OCT DOOR IO Mo a Va COMallin go) air veer eco WV. RODErtS. 2c. ink oom bie Lighting Sou ktie wear 

Bloridacete ttete ois tinted Fs atte vee OSEDOUW Clb ans nsisiintie wisi asi ate MOMMECS qereniey ssi aie ee Oe BO 20 Tass acksouville, wlap 

Fort Wayne............. fi ool oon, (SebOs 5. dahen conta cme Car pbs Can gaesccsucus General Electric Co., Fort Wayne, Inc. 

Houston........- Wie coe TN od huge NSPE ANCL Sarees ctssc/scsnane terre P. H. Robinson.............P. O. Box 1286, Houston, Texas 
Indianapolis-Laf......... 5 vee PG. THOMShs can ase site Cy . Chathield) >... 0 sae ll Minos Bldgs Indianapolis, lnd- 

POWa tv ceed cele ss Ceres ance 5 sal. BL WO0d .8 i. ee oo os Bu . Willis..c. 2.100 mo...» LOWa otate College, Ames: Towa 

MGR ACA aes sce ne esisieiere 2OWs BB: Meserve.ci.. .onck B. Northrop, 3). faci «onan Cornell University, Ithaca, N. Y. 

mbes (Oi og eo ane ao ats ais ra OD ESE OUTED atte feliiierasia aaheiek EN We Harveyincccwaseec ces 2124 Wyandotte Ave., Kansas City, Mo. 

Lehigh Valley...........2 Mn Gr CH ATE9CE at. ae 'lenotats ss W.wAS Skinnets, ...0-1--eu se awe ee It OOnmbazietonmbas 

WosvAMSelesacis.. ci ose AOralcini stole F. E. Dellinger...........A. P. Hill..................7046 Hollywood Bivd., Hollywood, Calif. 

WOtS Ville ssi. 2 es cise oi ass © ae VgeEo WAT Since eteevel ice sites WOT AGAIMS vaste evecare General Electric Co., Louisville, Ky. 

iGigiliteacobodlon soc tne Oa leroe cdma Wed Kp IBS SH bo ric po OO Le AT eh Ee nolo e Stop General Electric Co., West Lynn, Mass. 

NW ladisOwmerrpeiesteerene chetnsOn tel elaborate G. F. Tracy..............R.E. Johnson..............University of Wisconsin, Madison, Wis. 

MMemphicees pei seierietetc ko ele efter Vo in) GODEEY ena etsleiietere) aa en OHI SUOMb UN Via aye werertarere Memphis Pwr. & Lt. Co., Memphis, Tenn. 

INT NICO nee ie alotetiva.(atisuelafo see. e ves ennrans EES WOpPeZia vente ereisietels Wout CAStEOR Phra ca wero nape ete Dept. Elec. y Teleg., Ferrocarilles Nacionales de Mex., Mexico, D. F. 
Milwattkee.ctofewersicte dene. Os spsvercincs Wikts entiation asst ate ce C. D. Brown...............6309 W. McKinley Ave., Wauwatosa, Wis. } 
Mannesota..,...+c++-..+Or-..«s200M. J. Pierce.............9.R. R. Herrmann, :......... Northern States) Pwr Cor, Minneapolis, Minn, 

IM CaS TUE BOE res Seer CARO OI BIOORG Oe et tone GES gsi oaceeigicneae H. Dale"Cline coc. ocak ae 312 South 6th Ave., Bozeman, Montana. 

INEDraska fice cise eaeiOs aieeiersale Clarence Talsma...:..:.... Sy Pahrett a. amicsm serecicr 724 Union State Bank Bldg., Omaha, Neb. 

ING WAVOL eter iit is aieteo aeeceteacete T. F. Barton.............W.R. Smith...............United Engrs. & Constructors, 80 Park Pl., Newark, N. J. 
Niagara Prontier. «2. -cssdc es woe alta Ov Wahl iiss: ss cme ee ks Oehler i. snares eigeiee OO BRUNSWICK DIV eB UttalowNER Ys 

North Carolina ..caccctes y URN rants J. E. Lear................R. FF. Stainback.......<. 0... Univ. of No: Carolina, BoxJ029) Chapel Hill’ NG: 
Oklahoma: Citys. sis «000: Mas .E. B. Jennings............C. E. Bathe.,..............Oklahoma Gas & Elec. Co., Oklahoma City, Okla. 
Philadel phiat cers: ueicae Werc . Lewis Fussell.............J. L. MacBurney...........Elec. Storage Battery Co., Philadelphia, Pa. 

PIEESbung Hesraerieie te take sia eye +. Thomas Spooner. «icin «+ R. UL. Kirk.................% Duquesne Light Co., Pittsburgh, Pa. 

Pi€tsfield We srcchle: sisi sis eo! Wer .V. M. Montsinger......... S. T. Maunder.... . General Electric Co., Pittsfield, Mass. 
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ELECTRICAL ENGINEERING, 


Local Sections of the Institute—Continued 


Name District Chairman Secretary Secretary’s Address 
Portland, LO coh OI OIE yO EREORTOR F. M. Lewis..... cavoctaueiat V. B. Wilfley............... Westinghouse Elec. & Mfg. Co., Portland, Ore. 
BLOVIGCUCG a sie « vate oats Pare ats eee Lan Wi Roti OL Cats totersna’ovesareeor ern Wiss A ILEENg aiereim ay ere eets, coc Narragansett Elec. Co., Providence, R. I. 
BOCHESCONM tinmerctenelwetiree Lales aeeets CORP Est withts cacao cnvicc Wee RaGillespies. sc s,cccete sore Rochester Tel. Corp., Rochester, N. Y. 
3t. Louis. wine eee eee ees 7........F. B. Wipperman.........S. L. Hilyard...............Illinois Pwr. & Lt. Co., East St. Louis, Ill. 
Beetae ATS COLIC seuelcnshats stew 3) (sialon sieleratc Lic uN. IIL 5 teqe’elas iets) sleierel neha Viste SVEEGiaankitas ac) cletie so Gall Antonio Public Servs Co., San Antonio, Texas 
PMI PANICISCO naa aietereueieesOuiereiatants tus Ls IMLALY ACC. wreatatevaiancie« Roy Wilkins. ..............Pacific Elec. Mfg. Co., San Francisco, Calif. 
PASKAtCHE WAN. won ciclleLOkiowee sas IN Wir DUBOIS Se «:< «014,010 /siec0 Ar Ba COWaLrs = osre ein ocie's «eye Light and Power Dept., Regina, Sask., Canada. 
Sages LG LODO GOES Ter Pens b POS ONRSON eine Perey oct lk PEL ACCY t55,0fee ale nec ats General Electric Co., Schenectady, N. Y. 
Seattle.. sees sees -9..-.-...A. F. Darland............K.L. Howe................ Westinghouse Elec. & Mfg. Co., Seattle, Wash. 
Sharon.. : Ee Nee er tafe sd ode abt ORC ccs wre/s be Reled is Bos TREC Gy teh srarsie oy eat cudhers Westinghouse Elec. & Mfg. Co., Sharon, Pa. 
Southern Virginia. Rerveysrerine 4.....,..Cecil Gray...,...........EyL. Lockwood............Virginia Public Service Co., Newport News, Va. 
Spokane. . eee yatta Ce hot NOLDELR cireolejeisitistce Bs) LINN ysis. 6s LO vlaimistreet, Spokane. Wash- 
Springfield, “Mass... aah Liane:citnel afer Hac iPaSsbttis.s.c cui lel isiere J.J. Finn..................Roland T. Oakes Co., Holyoke, Mass. 
Syracuse. Seis sleteieielsiaiv Le -cieiesle +s We FeNGersOm, . 2.1. 1. Wi B. Mtteller....4....++. 006 State Tower Blds., Syracuse, N. VY. 
BOL ELO wa teraWev ch ueve cree uel Ditwn octnt ke Ele PLCLEKAIND ese k W.M. Campbell............Toledo Edison Co., Toledo, Ohio 
DEGRCOS ciao ss av hiv ware LO ciel ex ts «ks Mo Macleans. ves. se eee J. M. Thomson.,...........171 John St., Weston, Toronto, Ont., Can. 
PRI AM AS ciate creisimicl each oie oO xi cee lecalejeepteee es BROLG «cis svete lero ele vere, L. L. Smith................University of Illinois, Urbana, III. 
BEAM eetenicre ele wile Oe weet ern l, LAylof.. ite. s.. 1. Mortis,..:.....-+s.+s- Westinghouse Elec. & Mfg. Co. Salt Lake City, Utah 
DERTICOR VET are etiet ele clare) ol Osas che vatatere rR WILE U cnc ihe vicrciete LIswlic, JOHNSTONE? Adc. cscinsrerers B. C, Elec. Ry. Co., Ltd., 425 Carrall St., Vancouver, B. C., Can. 
MMaASHINGTON<) sf. s1c'eteie ia se Oe Ce Fre oJ. MacKavanagh®: .....)4< GL. WALKER may eae cn cinta oi Bliss Electrical School, Washington, D. C. 
PMOL CESLED j1ac.0.5.5 ai or svepoace.s ) Ae eae ee co Pir WA @EIOU Crite cucit Sarees Re ee PUNNEIE GU anc tien des Ree General Electric Co., Worcester, Mass. 

Total 60 


Student Branches of the Institute 


Name and Location District Counselor Name and Location District Counselor 
ECON TU Ni Vi Ol; AKON, | OHIO... 5 «acess is + </s'es) eile se 2 - Paul C. Smith New Hampshire, Univ. of, Durham, N. H......... 1....L. W. Hitchcock 
Alabama Poly. Inst., Auburn, Ala................ Ar. New Mexico, Univ. of, Albuquerque, N. M........ 7....F. M. Denton 
Alabama, Univ. of, University, Ala............... 4....F. R. Maxwell, Jr. New York, Col. of the City of, New York, N. Y.... 3....Harry Baum 
Arizona, Univ. of, Tucson, Ariz.. See MOP Ene CoE Olatic New York Univ., Univ. Heights, N. Y............- 3....H. N. Walker 
Arkansas, Univ. of, Fayetteville, Ark. EAsitactertitate chice 7....W. B. Stelzner North Carolina State Col., Raleigh, N. C.......... 4....R.S. Fouraker 
Armour Inst. of Tech., Chicago, Il. Asienetere 66 .E. H. Freeman North Carolina, Univ. of, Chapel Hill, N. C....... 4 .W. J. Miller 
British Col., Univ. of, ‘Vancouver, B. Cc. Me eee tkel aia 10 E. G. Cullwick North DakotalAgrs (Colt, Farzgo,-Ne De ctecic dieters 6 H. S. Rush 
Brooklyn, Poly. Inst. of, Brooklyn, N. Y.......... 3....C. C. Whipple North Dakota, Univ. of, Grand Forks, N. D....... 6....H. F. Rice 
Bucknell Univ., Lewisburg, Pa.. Bnet at a leretar clans sare terete ew Erland Northeastern Univ., Boston, 17, Mass..... Etats Sesiate 1....W. L. Smith 
Calif. Inst. of Tech., Pasadena, Calif. RT edtaicie 8 R. W. Sorensen Notre Dame, Univ. of, Notre Dame, Ind.......... 5....J. A. Caparo 
Calif., Univ. of, Berkeley; CORT Com cay pO OO erOrrOR 8 L. E. Reukema Ohio Northern Unive, Ada; |Obionse.jcicieenie sie alevere 2....1. S. Campbell 
Carnegie Inst of Dech;, Pittsburgh; Paw... 10% 2. se 2....George Porter Ohio State Univ., Columbus, Ohio... 0.2. ..0.0-- 2....F.C. Caldwell 
Case Sch. of Ap. Science, Cleveland, Ohio......... 2....H. B. Dates OvioWWniy jrAthenss Ohiotecc-msrccrsleneens hereto 2....A. A. Atkinson 
Catholic Univ. of America, Washington, D. C...... 2....T. J. MacKavanagh Oklahoma Agri. & Mech. Col., Stillwater! Okla..... 7....Albrecht Naeter 
Cincinnati, Univ. of, Cincinnati, Ohio............. 2....W. C. Osterbrock Oklahoma, Univ. of, Norman, Okla.. stcetese Uedaek ol Gakappan 
Clarkson College of Tech., Potsdam, N. Y......... 1l.... Oregon) State Cols Corvallis pOredenwe cisicters svete oleate noma te. Gite 
Clemson Agri. Col., Clemson College, S. C......... 4....S. R. Rhodes Pennsylvania State Col., State College, Pa......... 2....L. A. Doggett 
Colorado State Agri. Col., Ft. Collins, Colo........ 6....H.G. Jordan Pennsylvania, Univ. of, Philadelphia, Pa.......... 2....C. D. Fawcett 
Colorado, Univ. of, Boulder, Colo..............-.- 6....W. C. DuVall Pittsburgh, Univ. of, Pittsburgh, Cac. sree sie eee 2 as okie Ee Dy che 
Sooper Union, New York, N. Y.............+.... 3....A. J. B. Fairburn Prattolust.,.5rooklyate Nea vere censor ictaicne Bane ae Oot Carty 
Cornell University, Ithaca, N. Y............ sslessieh. oe Me Strong Princeton Univ., Princeton, Ni J... o..02- wc ce een 2 . Malcolm MacLaren 
Denver, Univ. of, Denver, Colo... ......cseeecess 6....R. E. Nyswander Purdue Univ., Lafayette) Indi. i sgescc amicus s\ciee's 5....A. N. Topping 
etroit, Univ. of, Detroit, Mich.................- 5....H. O. Warner Rensselaer Poly. Inst., Troy, N. Y..........- Sood claro ory ne Oastloy Ce 
Drexel Inst., Philadelphia, Pa......<2.2.......... 2....E. O. Lange Rhode Island State Col., Kingston, R. I........... 1....Wm. Anderson 
uke Univ., Durham, N.C. oo. nec cnc amimins ee tele 4.... We J. Seeley: Rice Inst., Houston, Texas. ...2......2s0+ svecsratevene 7....J.S. Waters 
Florida, Univ. of, Gainesville, Fla...............-- 4....Joseph Weil Rose Poly. Inst., Terre Haute, Ind............ eee &....C. C. Knipmeyer 
Georgia School of Tech., Atlanta, Ga.............. 4....7T. W. Fitzgerald Rutgers Univ., New Brunswick, N. J.............. 3....F. H. Pumphrey 
Harvard Univ., Cambridge, Mass..........-2+000% lon Ces, Dawes _ Santa Clara, Univ. of, Santa Clara, Calif.......... 8....E. F. Peterson 
[daho, Univ. of, Moscow, Idaho...........+.+.+0- 9....J. H. Johnson South Carolina, Univ. of, Columbia, S. C.......... A jeeetbe Dee bal 
[llinois, Univ. of, Urbana, IIll........-...-seeeeee . 5....C. E. Skroder . So. Dak. State Sch. of Mines, Rapid City, S. D.... 6....J. O. Kammerman 
[owa State College, Ames, Iowa.........-+eeeee+ 5....F. E. Johnson South Dakota, Univ. of, Vermillion, S. D...... oowe 6... 4C; W. Caldwell 
lowa, State Univ. of, Iowa City, Iowa....... BBY 1Ox10 5....E. B. Kurtz So. California, Univ. of, Los Angeles, Calif......... 8....N.C. Clark 
Kansas State Col., Manhattan, Kamnsas............ 7....R.G. Kloeffler Southern Methodist Univ., Dallas, Texas.......... 7....H. F. Huffman 
Kansas, Univ. of, Lawrence, Kans...........-.++- 7....D. C. Jackson, Jr. Stanford Univ., Stanford, Calif..... ele cl dee ocie vale OsereeVee ep kn; 
Kentucky, Univ. of, Lexington, Ky........+.++-+- 4....E. A. Bureau Stevens Inst. of Tech., Hoboken, N. J............. 3....H. C. Roters 
Lafayette College, Easton, Pa...........-eeeeeeee 2....L. J. Conover Swarthmore Col., Swarthmore, Pa................ 2....Lewis Fussell 
ehigh Univ., Bethlehem, Pa. ........ecseseccess 2....N.S. Hibshman Syracuse Univ., Syracuse, N. Y...............+-. 1....C. W. Henderson 
Lewis Inst., Chicago, IMs. bxeitere miaiayers stale) 5....F. A. Rogers Tennessee, Univ. of, Knoxville, Tenn.............. 4....J. G. Tarboux 
Louisiana State Univ., Baton ipoace tae ealateravaleter etahs 4....M. B. Voorhies Texas Agri. & Mech. Col., Col. Station, Texas..... 7....H.C. Dillingham 
Louisville, Univ. of, Louisville: VS SOROER HOG Bieta ‘a 4....J. M. Roberts Texas Tech. Col), Lubbock; Texasie. jac ..ic ec oe) ivecre. Ve Bullen. 
Maine, Univ. of, Orono, Maine............+.+e00- 1....W. E. Barrows Texas “Univ sOl pAttstiniy DexXAd:(ciclenais ere) -iciea'ss a elerore Ta ceed Ac Correll 
Marquette Univ., Mailwaukee, Wis........+.+.+-+ Bixee Utah, Univ. of, Salt Lake City, Utah............. 9....J. H. Hamilton 
Mass. Inst. of Tech., Cambridge, Mass............ 1....W. H. Timbie Vermont, Univ. of, Burlington, Vt..05...2.6..0008 2. «+L. by Dickinson 
Mich. Col. of Mining & Tech., Hore eae Mich.... 5....G. W. Swenson Virginia Military Inst., Lexington, Va........ «eee 4....S. W. Anderson 
Michigan State Col., East Lansing, Mich. . se UDniwcde We Ae Murray Virginia Poly. Inst., Blacksburg, Va......... seeees 4...-Claudius Lee 
Michigan, Univ. of, ‘Ann Arbor, Mich.. cece Ovse ods Os Attwood Virginia, Univ. of, iivenity: Veienieciacivincicie civic cojs) Selestel Vc aevOamag 
Milwaukee, Sch. of Engg. of, Milwaukee, Wis.. . 5....V. M. Murray Washington, State Col. of, Pullman, Wash. Sataietenatele . 9....0. E. Osburn 
Minnesota, Univ. of, Minneapolis, Minn........... 5....J. H. Kuhlmann Washington Univ., St. Louis, Mo............. ewes Cesieie Weds. Upson 
Mississippi State Col., State College, Miss........ . 4....L. L. Patterson Washington, Univ, of, Seattle, Wash. SERA OCI O.G 9 J. R. Shuck 
Missouri Sch. of Mines & Met., Rolla, Mo......... 7....1. H. Lovett West Virginia Univ., Morgantown, W, Va....... .. 2....A.H. Forman 
Missouri, Univ. of, Columbia, Mo.......+..-.+.6. 7....M. P. Weinbach Wisconsin, Univ. of, Madison, Wis................ 5....C. M. Jansky 
Montana State Col., Bozeman, Mont............. 9....J. A. Thaler Worcester Poly. Inst., Worcester, Mass............ 1....C. D. Knight 
Nebraska, Univ. of, Lincoln, Neb............-++2. 6....F. W. Norris Wyoming, Univ. of, Laramie, Wyo................ 6....G. H. Sechrist 
Nevada, Univ. of, Reno, Nevada....... Portbcleterehatat’s 8....S. G. Palmer WaleUniv.,. New Haven, Conn? cates siis ce cs cisreicie Peo W be ball 
Newark Col. of Engg., Newark, N. J...........-.. 3 J. C. Peet Total 109 


At the time of going to press for this issue, the list of student officers was not sufficiently complete to include. 


Affiliated Student Society 


Brown Engineering Society......... .. Brown Univ., Providence R. I. 


SEPTEMBER 1932 681 


Aad eS | Notes 


Westinghouse Employes Exceed Sales 
Quota.—Final reports of the Westinghouse 
Employes’ sales campaign show a sales total 
of more than $2,900,000. Every employe 
was to sell at least one appliance. This 
average was beaten more than 50 per cent 
and the volunteers closed over 80 per cent 
of their prospects. 


Electrotrim Appointments.—Announce- 
ment has been made by Electrotrim, Inc., 
Union City, Ind., manufacturers of the 
newly approved and labeled Electrotrim 
line of two-wire, non-metallic extension wir- 
ing, of the appointment of James S. Mahan 
as sales manager, and L. E. Fuller as special 
field representative. Both Mr. Mahan and 
Mr. Fuller were previously associated with 
Steel and Tubes, Inc. 


New Resistor Company.—The Atlas Re- 
sistor Company, specializing in the manu- 
facture of pack-wound tubular resistors, has 
been formed with headquarters at 423 
Broome St., New York. W. A. Merrill, 
general manager of the organization, was 
previously associated with F. A. D. Andrea, 
Inc., and the Polymet Manufacturing Co. 
W. John Killoch, formerly of the David 
Killoch Co., is sales manager. 


Potential Transformers.—The Allis-Chal- 
mers Mfg. Co., Milwaukee, announces a 
new line of indoor, oil filled potential trans- 
formers, designated type PO, rated 200 va 
capacity, suitable for accurate metering 
service or for tripping or relay voltage sup- 
ply. These are available for 6,900, 11,500 
and 13,800 volt service, 60 or 25 cycles and 
the features of the new line are described as: 
high safety factor in insulation strength in 
the primary winding; liberal sized primary 
porcelain; internal parts cover. suspended, 
facilitating inspection; fixed secondary ter- 
minals inclosed in conduit terminal com- 
partment. 


New Power Reduction Unit.—The 
Merkle-Korff' Gear Co., Chicago, is pro- 
ducing a small, low priced power reduction 
unit with a wide range of. applications 
due to its compactness and extreme flexi- 
bility. The gears run in grease which is 
sealed in, insuring positive lubrication and 
quiet operation. The unit can be supplied 
in any speed from a motor speed of 3,000 
rpm down, either for clock-wise or reverse 
rotation. The unit is so constructed as to be 
easily attached to any device or mechanism. 
Induction or synchronous type motors are 
used. 


Pocket Foot-Candle Meter.—According 
to the manufacturer, many simplified and 
new photocell applications with relays and 
indicating instruments have been made pos- 
sible through the new Weston Photronic 
photoelectric cell. The latest of these ap- 
plications, by the Weston Electrical Instru- 
ment Corporation, Newark, N. J., is a 
pocket size foot-candle meter built especially 
for salesman’s use, calibrated to read di- 
rectly on three ranges—50, 250, or 500 foot- 
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candles. One cell is used as an adjustable 
light collector, with readings appearing on a 
scale 2.86 inches in length. The cell and in- 
strument are housed in a neat, black, 
moulded case, measuring approximately 
33/3 x 7 x 21/4 inches. 


Oilproof Portable Cable.—In certain 
types of service, portable cords are sub- 
jected to the continual attack of oil resulting 
in deterioration not only of the outer cover- 
ings, but eventually of the insulation. To 
meet this condition the Okonite Company, 
of Passaic, N. J., has developed a full line of 
portable cords and cables having a special 
outer sheath which is impervious to the de- 
structive acting of oil or grease. This line 
of cords and cables is called ‘“‘Oilproof Oko- 
cord.’’ As the name implies, the new cord 
possesses all the good qualities of the Oko- 
cord line, plus continued resistance to oil, 
thus rendering it highly suitable for use 
around machine shops, garages, refineries, 
oil wells, ete. Strong sunlight and ozone 
also have little effect on this cord. 


More Capacity for Cables.—Load-carry- 
ing capacity of single-conductor lead- 
covered cable is increased and operating cost 
of the circuit is decreased by the use of a 
new split-type insulator which is so designed 
that it can be installed on a cable in service, 
without cutting the conductor. The insu- 
lator, a General Electric product, consists of 
two split alloy wiping sleeves and a split 
molded-compound insulator. The wiping 
sleeve halves are soldered together at the 
assembly, and bolted to the insulator. The 
joints between the wiping sleeve and the 
halves of the insulator are made perma- 
nently oil-tight and vacuum-tight by com- 
pressing oil-proof gaskets between the ‘sur- 
faces. When single-conductor cable is used 
on alternating-current systems, the current 
flowing in the conductor induces a voltage in 
the lead sheath. If the sheath forms a con- 
tinuous circuit, this induced voltage causes 
current to flow in the sheath, resulting in 
sheath losses that produce a heating effect, 
which decreases the load-carrying capacity 
of the cable. Insertion of sheath insulators 
in the lead sheath largely reduces such cur- 
rents and losses. In addition to the new 
split sheath insulators there are also ones to 
be placed in the casing of a joint or in the 
cable sheath at the end of a joint. 


Teade Nerature 


Air Cooled Transformers.—Bulletin 172, 
2 pp., loose leaf. Describes Wagner types 
AA and AC units in sizes 1 to 50 kva, volt- 
ages 100 to 600. Applications are outlined. 
Wagner Electric Corp., 6400 Plymouth St. 
St. Louis, Mo. 


_ shaft sizes for these mountings vary from 2. 


Relays.—Bulletin, 4 pp. Describes “‘Dia- 
mond H” magnetrole relay, applicable in 
many standard and special applications. 
It is particularly adapted for motor and ligh 
control, time and temperature control, sig- 
nal equipment, photo-electric cell operation, 
sign flasher service, etc. Hart Mfg. Co., 
Hartford, Conn. | 


Electrolytic Condensers.—Catalog 1-C, 
16 pp. Describes electrolytic condensers, 
molded mica condensers. Solar Mfg. Co., 
599 Broadway, New York. : 


Air Cooled Transformers.—Bulletin GEA 
897B, 16 pp. Describes G-E air cooled 
transformers, types M and D, for reducing 
voltage, balancing voltage, boosting volt- 
age, insulating circuits and phase changing. 
General Electric Co., Schenectady, N. Y. 


Lifting Magnets.—Bulletin 900, 16 p 
Describes various types of EC & M lifting 
magnets and illustrates recent improve- 
ments made in these products. Photo- 
graphs of the magnets in use by various in- 
dustries are also shown. The Electric Con- 
troller & Mfg. Co., Cleveland, O. : 


5 
Welding Electrodes.—Bulletin, 16 pp., 
entitled ‘‘Murex Heavy Mineral Coated 
Electrodes.’? Numerous applications of in 
organic flux coated welding electrodes are 
described. The welding of mild steel and 
boiler plate, stainless steel alloys, manganese 
steel, high carbon steel, stainless iron, an 
the building up of railway rail ends, special 
manganese track work, as well as the repair 
of castings and heavy parts, is covered, 
Metal & Thermit Corp., 120 Broadwagl 
New York. 


os 


Industrial. Rubber Goods.—Condensed_ 
Catalog, 24 pp., entitled “Engineering Data, 
Industrial Rubber Goods,” giving a simpli- 
fied, comprehensive outline of the principal 
Goodrich rubber products for industrial 
purposes. Included are tables of rubber 
transmission belting showing horsepower 
capacities, minimum pulley diameters, 
leather belt equivalents and list prices. A 
table on conveyor belts makes it easy to 
figure the required sizes and plies of a con- 
veyor belt without using a formula. Rubber 
hose of various types for industrial purposes 
is also described. The B. F. Goodrich Ce 
Akron, O. ; 


Horizontal Bearing Mountings.—Bulletin 
S, 36 pp. Describes horizontal mountings, 
Kingsbury thrust bearings and journal bear- 
ings, small to medium sizes. These bearing 
mountings are widely used in high speed | 
centrifugal pumps, horizontal hydroelectric | 
units and similar services. The standard 


in. up to 9 in. and the thrust bearing capaci- 
ties from under 1,000 lbs to over 50,000 Ibs. 
The bearings are automatically lubricated 
and may be water-cooled when necessary. 
They are suitable for speeds up to 3,600 rpm } 
or more, as well as for lower speeds. Di- 
mension lists and capacities of three types of } 
mountings of combined thrust and journal 
bearings and similar data on mountings for} 
individual journal bearings are included. 
Kingsbury Machine Works, Inc., 4824 
Tackawanna St., Philadelphia, Pa. t 
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